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ABSTRACT 
In the present thesis some aspects of physiology of helminth 
parasites of economically important animal BubaJus bubalis have been 
investigated. The various aspects have been compared with the parasites 
isolated from goat. Major emphasis was focussed on the amphistomes 
occupying different habitats and causing considerable economic loss to our 
farm animals. The review of literature reveals that most of the 
physiological studies are confined to mainly carbohydrates, particularly of 
Fasciola hepatica and Hymenolepis diminuta, and occassionally on other 
species. 
The present study was undertaken to investigate the physiological 
similarities and dissimilarities of different parasites inhabiting same or 
different host and habitat in order to find out such differences which 
might exist as a result of biochemical adaptation, niche seggregation and 
phylogenetic variations among parasites. The main emphasis was given to 
the protein metabolism and its' related aspects in order to fulfil the gaps 
in the knowledge of helminth physiology. 
It will not be out of place to mention that whatever little work has 
been carried out it was in a moderately equipped laboratory and many 
aspects could not be studied due to lack of facilities. 
In the present study a number of amphistomes were selected, viz: 
Gastrothylax crumenifer, Fischoederius elongatus, Orthocoelium 
scoliocoelium, Paramphistomum epiclitum (pink and yellow varieties) from 
the rumen and Gigantocotyle explanatum from the liver of infected buffalo. 
In addition to this Fasciola gigantica, Avitellina lahorea, Stilesia 
globipunctata and Gastrothylax crumenifer Cgoat rumen) were also used in 
some of the studies to compare the results. 
The salient features of the results obtained in the present study 
are summarized below according to different chapters. 
Chapter - I deals mainly with the protein content of the parasites 
under study. As a first step different developmental stages of £. 
explanatum were analysed for the protein turnover. The results indicate 
that protein content of the larval amphistomes remain in a dynamic state 
during the process of larval development. 
The total protein content of a dozen of adult parasites inhabiting 
different host and habitat, showed that no generalization is possible as 
far as total protein content is concerned, however, quantitative 
differences were recorded at generic, specific and intraspecific levels 
indicating that protein content could serve as a valid taxonomic tool. The 
two varieties of P_. epiclitum (pink and yellow) which possibly represent 
two different strains, showed significant variation in the level of their 
protein content. It has been suggested that the host contributory factors 
could be responsible for differences in the protein content of £. 
crun7enifer isolated from goat and buffalo. However, one interesting point 
was observed that the total estimation is greatly influenced by methodology 
used for extraction and estimation of proteins. It was observed that by 
the Lowry's method significantly high protein values were obtained in fresh 
homogenates as compared to the TCA precipitated fraction, whereas no such 
difference was found when the protein was estimated by the coomassie 
brilliant blue G-250 dye binding method. It may be due to the fact that 
these parasites possess mono-, di-, and polyphenols, phenolase and 
catecholamines which are known to interfere with the Lowry's method. It 
is, therefore, suggested that by comparing these results, the dye binding 
method is more reliable and gives more consistent results and least 
influenced by the artefacts that interfere with the Lowry's procedure. 
Seasonal changes in the protein, DNA and RNA contents were 
investigated in G_. explanatum and G_. crumenifer. Seasonal biochemical 
changes in these two amphistomes can be directly correlated with the 
morphometric changes in reproductive organs and the production of eggs with 
respect to seasonal variations. In liver amphistome no definite 
reproductive cycle was recorded and hence protein, RNA and DNA content 
showed minor fluctuations with minor changes in gonadal recrudescence and 
regression, whereas in G_. crumenifer the protein content increases exactly 
during the egg production phase with a broad single peak of protein 
corresponding to the recrudescence of gonads while the RNA and DNA levels 
build up just prior to the peak level of protein content. 
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It can he concluded that the fluctuations in the biochemical 
components in the rumen amphistome are associated with the egg production 
cycle. Levels of total protein and nucleic acids are possibly controlled 
by the external environmental conditions which the host encounters during 
thermal and nutritional acclimatization which are ultimately governed by 
rainfall and pasture growth. Further, the period of maximum egg production 
also coincides with the peak snail activity as Dunn et_ al^. (1986) observed 
maximum larval infection in snails during the same period. Therefore, 
biochemical changes associated with the egg production in the parasites are 
significant for the development of a time based control programme. 
Chapter - II deals with the qualitative similarities and differences 
between the parasite proteins which have been investigated using the 
gradient polyacrylamide SDS-slab gel electrophoresis. A number of 
parasites used in this study exhibited characteristic number of protein 
bands with varying electrophoretic mobilities. The total number of protein 
bands ranged from 18 to 30 for different species. The polypeptides of £. 
crumenifer of buffalo origin were resolved into 30 distinct bands with 
characteristic protein of 165 Kd whereas in £. crumenifer of goat origin 24 
bands were resolved with 85 and 96 Kd specific proteins. The 'pink and 
'yellow' varieties of _P. epiclitum contain 22 and 25 protein fraction with 
60 Kd and 24 Kd characteristics polypeptides respectively. The closely 
related species £. calicophorum and C_. cauliorchis contain 18 and 23 
protein bands with 29 Kd and 36 Kd characteristic protein. Among the rumen 
amphistomes a common polypeptide of 27 Kd was also recorded. Though the 
cestode S_. globipunctata contains only 18 protein fractions but the 
characteristic proteins were in range of above 200 Kd. The numerical 
analysis of the data revealed an over all 28% similarity within the 
amphistome group which exhibited only 12 - 14% similarity when compared 
with the liver fluke £. gigantica. The two varieties of P. epiclitum from 
buffalo and G_. crumenifer from buffalo and goat, maintain independent 
identity with varying degree of similarities. The closely related species 
inhabiting the same habitat exhibit greater degree of similarity as in case 
of rumen amphistomes. 
It is suggested that protein polymorphism can be used as a valid 
parameter for generic, specific and intra-specific characterization of 
helminth parasites. The heterogeneity in the polypeptides may be of 
obvious importance for the diagnostic and protective measures. 
Chapter - III deals with the antigenic similarities and 
dissimilarities among the closely related amphistomes that have been 
analysed by employing the immunodiffusion (DID), Immunoelectrophoresis 
(lEP) and ELISA techniques. Using the homologous antigens and the 10 week 
post-inoculated antisera raised in rabbits, for double immunodiffusion a 
maximum of four precipitin arcs were recorded for G_. explanatum, F. 
elongatus and £. calicophorum whereas three arcs were present in _P. 
epiclitum (yellow variety) and C_. cauliorchis. In G_. crumenifer, 0_. 
scoliocoelium and _P. epiclitum (pink variety) only two bands for each 
parasite were recorded. The analysis of heterologous reactions in DID 
revealed extensive cross-reaction among different amphistome species. In 
some cases one or two arcs maintain independent identity and did not show 
any cross-reactivity. Similarity matrix and phenogram constructed from the 
data obtained by double immunodiffusion created four groups at a similarity 
value of 82%. The liver amphistome G_. explanatum, the rumen amphistomes £. 
crumenifer and f. elongatus maintain their independent groups whereas other 
rumen amphistomes £_. scoliocoelium, P_. epiclitum (pink and yellow 
varieties) £. calicophorum and C_. cauliorchis were grouped together. The 
lEP reveals that each parasite extract was found to consist of multiple 
antigenic fractions with characteristic species specific precipitin arcs. 
Maximum number of precipitin arcs were recorded for 8th week 
post-inoculated antisera as compared to the 6th and 10th week antisera. 
One of the strong anodal precipitin bands occurring in almost all the 
parasites has been referred to as 'Arc A'. The two varieties of £. 
epiclitum (pink and yellow) as well as £. calicophorum and £. cauliorchis 
exhibited significant differences in the antibody titre as revealed by 
ELISA reflecting the variation in the antigenic potential of these closely 
related forms. Thus the amphistomes contain heterogeneous molecules with 
potential antigenic properties and producing differential antibody response 
which reflect the antigenic diversity within this group of parasites. 
However further studies are required by using more sophisticated techniques 
in order to investigate the problem of cross-reactivity and species 
specific antigen characterization for the development of an 
immunodiagnostic tool and immunoprotection studies. 
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^ /chapter - IV deals with the uptake of amino acids which has been 
investigated in G_. explanatum, G_. crumenifer and 5_. globipunctata 
inhabiting buffalo liver, rumen and goat intestine respectively, in order 
to find out the differences which might exist as a result of physiological 
adaptations in the uptake of micromolecular nutrients. As evident from the 
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autoradiographic studies, the L-( H) leucine, L-( H) alanine and L-( H) 
proline were readily incorporated by the amphistomes G^. explanatum and G. 
crumenifer during in_ vitro incubations. The transtegumental route appeared 
to be primary for the uptake of amino acids because the silver grains 
representing the incorporated amino acids do not appear in the gut of the 
parasites. The differential incorporation of amino acids during different 
chase periods reflect active protein metabolism in amphistomes. 
3 3 3 
For the kinetic studies, L-( H) leucine, L-( H) alanine and L-( H) 
methionine have been used. The results of time lapse study revealed that 
at 1 mM concentration the uptake of these amino acids was linear over the 
first 5 min of incubation. The uptake of amino acids at different 
concentrations ranging from 0.2 mM to 1.0 mM, takes place via a mediated 
process alongwith the involvement of a diffusion component in all the 
parasites except for methionine in £. globipunctata in which only the 
mediated process was involved. All the three parasites showed higher 
uptake velocity (Vmax) for leucine indicating greater metabolic 
reguirements of this amino acid followed by alanine and methionine. The 
highest Kt values for methionine followed by leucine and alanine were 
recorded for G. explanatum and G^. crumenifer whereas Kt values were higher 
for alanine as compared to leucine in 5_. globipunctata. The uptake of 
labelled amino acids in the presence of an increasing concentration of 
their unlabelled homologues indicate the involvement of a carrier. 
However, decline in the uptake of leucine and alanine beyond 12 mM 
concentration could be due to efflux of amino acids from £. explanatum 
whereas in G. crumenifer, uptake follows a saturation kinetics. The 
leucine and methionine beyond 4.0 mM and 12 mM respectively, produced 
inhibitory effects in S^. globipunctata while alanine followed a saturation 
kinetics. The tissue bond activity of leucine in £. explanatum and all the 
three amino acids in S_. globipunctata indicate that these amino acids are 
rapidly incorporated in tissue proteins or other macromolecules. The 
variation in the affinity and velocity of amino acid uptake reflect the 
differences in individual metabolic needs of the parasites. However, 
further studies are required on the counter exchange, bidirectional flux, 
nature of the transport loci and the carriers involved in the uptake of 
amino acids. 
Topographical studies by ^EM on the G_. explanatum and G_. crumenifer 
revealed that the surface annulations and tegumental infoldings enormously 
increase the surface area which conform to the absorptive function of the 
tegument. The TEM studies showed that general body surface was found to be 
thicker in G_. crumenifer as compared to £. explanatum. The Tl and T2 
tegumental secretory bodies were predominantly present in the cytoplasm of 
the cell or below the surface plasma membrane. Though mitochondria were 
abundant in the parenchyma but they were totally absent from the tegument 
of both the amphistomes. However, further studies are required to find out 
the source of energy for various tegumental functions in the absence of 
mitochondria. 
Chapter - V deals with the excretory/secretory products of £. 
explanatum, G_. crumenifer and 5_. globipunctata that have been analysed 
following In vitro incubation of worms for 3, 6, 9 and 12 hours in Hank's 
medium with or without glucose at 37 +_ 2 C. The worms excrete large amount 
of organic acids which alter the pH and redox potential of the incubation 
medium. Such changes were more pronounced when the glucose was present in 
the medium. 
The nitrogenous and products showed qualitative as well as 
quantitative differences in the three parasites under study. Urea, ammonia 
and uric acid were the major nitrogenous excretory products of £. 
explanatum whereas G_. crumenifer and 5_. globipunctata excrete only urea and 
ammonia. In absence of glucose the excretion of nitrogenous end products 
increased tremendously indicating the occurrence of protein catabolism. 
After the prolonged incubation the decrease in the urea content in 
incubates may either be due to its degradation or re-utilization by the 
worms. Such fluctuations in the level of ammonia were also recorded in £. 
crumenifer which inhabits rumen where ammonia is freely available. It has 
been suggested that large amount of ammonia can be salvaged via glutamate 
dehydrogenase reaction. 
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Lactate and pyruvate are the major end products of carbohydrates. 
In presence of glucose G_. explanatum excrete maximum lactate followed by S_. 
globipunctata and £. crumenifer, whereas in the absence of glucose only G_. 
explanatum and 5_. globipunctata excrete lactate. The pyruvate excretion is 
also influenced by the presence or absence of glucose from the medium. In 
presence of glucose £. globipunctata excretes maximum pyruvate while in 
absence of glucose £. crumenifer excretes maximum pyruvate. Both glucose 
uptake as well as leakage were recorded in all the three helminths under 
study. 
Both the amphistomes excrete/secrete non-specific proteolytic 
enzymes during in_ vitro incubations. The enzyme release was more 
pronounced under the ligated condition of the oral suckers indicating some 
extra-alimentary source of these enzymes and also under stress more 
proteolytic enzymes were released. However, further studies are required 
to understand the matabolic strategies like glucose leakage and 
re-utilization of excretory products etc., and to further work out the 
nature and function of the proteolytic enzymes being secreted by the 
parasites. 
Chapter - VI deals with some of the key enzymes of protein 
metabolism like the cytosolic and mitochondrial glutamate dehydrogenase, 
alanine transaminase, aspartate transaminase, leucine transaminase, 
ornithine transaminase, methionine transaminase and proline transaminase, 
if-glutamyl transpeptidase, arginase and mitochondrial monoamine oxidase. 
Since enzymes are oftenly regarded as the keys of metabolism that 
unravel the metabolic idiosyncracles, therefore, their sub-cellular 
distribution and their possible functional roles were investigated in the 
present study. 
The glutamate dehydrogenase activity was also determined in the 
developmental stages of miracidia, indicating many fold increase in enzyme 
level of miracidia as compared to the fresh eggs. The major concentration 
of glutamate dehydrogenase was in the cytosolic fractions of the adult £. 
explanatum, G^. crumenifer and S,^^^CdS3pub^j^^ whereas low enzyme activity 
was recorded in the mitoch,omfFral fractio7i'-yoi%these parasites. However, 
enzyme of both the sub-cellaM(ar fr^^i^Bs utili\z£}l NADH as coenzyme. 
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A number of 2-oxoglutarate linked transaminases were found in both 
the cytosolic and mitochondrial fractions of the three parasites under 
study. Aspartate and alanine are the major '^C-amino donors followed by 
other amino acids like ornithine, leucine, proline and methionine. 
However, individual variations existed in the level of different enzymes of 
the two sub-cellular fractions. As compared to the amphistomes the 
activity of transaminases was much lower in the cestode 5_. globipunctata. 
The membrane bound enzyme, -glutamyl transpeptidase, responsible 
for amino acid transport was found highest in £. explanatum followed by £. 
crumenlfer and £. globipunctata. The addition of 10 mM of leucine, proline 
and methionine produced inhibitory effects on the enzyme activity of all 
the parasites except alanine which was found to be stimulatory only in £. 
explanatum and 5_. globipunctata but inhibitory in £. crumenifer. 
The arginase activity was maximum in the fresh homogenates of £. 
globipunctata followed by £. crumenifer and £. explanatum, and there was an 
increase in the enzyme activity when estimated in the cytosolic fraction of 
the three parasites. Further studies are required to characterize the 
nature of this enzyme. 
The mitochondrial monoamine oxidase (MAO) was found to be highly 
active in £. explanatum whereas insignificant differences in the enzyme 
activity were recorded in £. crumenifer and 5_. globipunctata which might be 
due to the influence of the habitat. Four specific inhibitors of monoamine 
oxidase like nialamide, pargyline, chlorgyline and deprenyl produced 
varying degree of inhibitory effects in both the amphistomes as well as the 
anoplocephalid cestode. The effect of these inhibitors on the motility of 
amphistomes has also been investigated. This would provide an indirect 
evidence for the involvement of a variety of amines in the neuro-muscular 
coordination of these parasites. The varying motility response to 
chiorgyJine and deprenyl suggests that the MAO-A catabolised biogenic 
amines were involved in the neuro-muscular coordination in both the 
amphistomes, whereas MAO-B was involved in the catabolism of amines only in 
£. crumenifer as deprenyl did not produce appreciable changes in the 
motility of £. explanatum. This reveals that amines are involved in the 
neuro-muscular coordination and are probably also regulating other 
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activities in the amphistomes. 
The isozyme profile of cytosolic and mitochondrial GLDH, 
mitochondrial monoamine oxidase, and arginase have also been investigated 
by polyacrylamide gel electrophoresis. The gualitative and quantitative 
differences in the isozyme profile were noticed in each case. 
The histochemical distribution of glutamate dehydrogenase and 
monoamine oxidase in £. explanatum and jG. crumenifer exhibited differential 
enzyme activity in different regions of the parasites. Strong enzyme 
activity was recorded particularly in those organs which are probably 
associated with active protein metabolism. 
It is concluded that the enzymes of protein metabolism are 
ubiquitously distributed in helminths under study. Different levels of 
enzymes, their differential distribution, existence of enzyme polymorphism 
and varying response to different stimulators and inhibitors reflect not 
only the individual metabolic differences of parasites but also suggest the 
variation in the nature of enzyme molecules. In the light of the over all 
studies as tentative pathway of partial protein metabolism is being 
proposed which highlights the chain of metabolic events indicating that 
amino acids are being transoported across the membrane, involving the 
i-glutamyl transpeptidase, and thereafter, various anabolic and catabolic 
processes make use of amino acids depending upon the metabolic needs of the 
parasites. 
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NOMENCLATURE 
PBS : Phosphate buffered saline 
HBSS : Hank's Balanced salt solution 
B5A : Bovine serum albumin 
TCA : Trichloroacetic acid 
DNA : Deoxyribonucleic acid 
RNA : Ribonucleic acid 
5DS : Sodium dodecyl sulphate 
TRI5 : Tris (hydroxymethyl) aminomethane 
Kd : Kilo dalton 
mA : Milliampere 
PAGE : Polyacrylamide gel electrophoresis 
DID : Double immunodiffusion 
lEP : Immunoelectrophoresis 
ELISA : Enzyme linked immunosorbent assay 
PGO : Peroxidase glucose oxidase 
NADH : Nicotinamide adenine dinucleotide (reduced) 
PM5 : Phenazine methosulphate 
Nitro-BT : Nitro blue tetrazolium 
G E N E R A L I N T R O D U C T I O N 
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GENERAL INTRODUCTION 
Among the developing countries, India has a staggeringly high incidence 
of malnutrition, as a result of which a major segment of population suffers 
from poor health that ultimately affects the working efficiency of an individual. 
Therefore, to fulfil the growing demand for food, the importance of livestock, 
particularly ruminants, lies not only in agriculture but also in providing the 
animal protein, fat and other products to meet the nutritional requirements 
of a vast population. Due to high population pressures, the role of ruminants 
is primarily to convert fibrous agricultural wastes into animal products. 
Among the ruminants, water buffalo, Bubalus bubalis, contribute subs-
tantially to the rural economy in India which is basically an agricultural 
country covering an area of 3.38 million sq. km. According to a recent 
FAO production year book, India has 200 million cattle, 75 million buffaloes, 
which is nearly the half of the total world's buffalo population, 55 million 
sheep and 100 million goats. The livestock has an important impact on the 
total output of agriculture, food and dairy products. Buffaloes and cattle 
generate 32% of the energy requirement for the rural economy. These animals 
provide milk, meat, skin, hide, dung for fuel and fertilizers, and are also 
used as draught animals. It was estimated during 1984-1985, that the animal 
husbandry generated Rs. 1,08,640 million which was roughly 18% of the total 
agricultural output. The dairy products are an important source of nourishment. 
India alone produces 1,34,000 million tons of meat and 20,70,030 million tons 
of milk. Buffaloes contribute more than 58% of the milk though they form 
only 30% of the total bovine (cattle and buffaloes) population (Acharya, 1988). 
In addition to this, leather industry is also a source of a quantum of foreign 
exchange. It has been emphasized to increase the milk and meat production 
n 
and improve draft animal power through selective breeding and effective 
animal management. However, meaningful results can only be obtained, if 
equal attention is paid to the health of animals. 
Despite their importance in the country's economy, the net contribution 
made by India's animal wealth is not much. The poor animal health has 
been considered as one of the major factor for meagre contribution of livestock 
to the national income. A wide array of helminth parasites beside viral, 
bacterial and protozoan infections, cause heavy morbidity and also mortalities 
during the epidemic out-breai<s. In order to prevent losses incurred by such 
parasitic menace, it is essential that we should protect our farm animals 
from these infections. 
Among the helminthic infections, amphistomes constitute an important 
group of digenetic trematodes, distinguished from other forms by the presence 
of a posteriorly located acetabulum, infect a large number of domestic ruminants. 
In a recent survey from this laboratory on the epidemiology of amphistomiasis, 
a large number of species with varying intensity were recorded. The rumens 
in 71.4% of buffaloes examined, contained adults of Gastrothylax crumenifer 
(32.7% prevalence), Fischoederius elongatus (6.0%), Paramphistomum epiclitum 
(51.9%), Orthocoelium scoliocoelium (16,1%). Among the bile duct parasites, 
Gigantocotyle explanatum (19.6%) was the most widespread amphistome in 
ruminants (Plates I and 11). In a comprehensive review, Mukherjee and Chauhan 
(1965) and Dutt (1980) reported several out-breaks with considerable variations 
in the prevalence of infection with these species in ruminants throughout 
India (Fig. I). According to the former authors "the paramphistomes constitute 
one of the most important groups of helminth parasite in India, undermining 
the health of domesticated animals and causing considerable monetary loss 
to stock owners". 
PLATE - I 
Ampbistome infection in_ situ. 
Fig. 1 : Heavy infection of the liver ampbistome Gigantocotyle 
explanatum. Bile duct enlargement and extensive liver 
damage of buffalo can be seen (arrows). 
Fig. 2 : Pouched amphistomes are found in the anterior dorsal sac of 
the rumen of buffalo. The flukes often occur in clumps 
(arrows). Mucosa at the attachment site becomes 
depigmented (arrow head). 
Fig. 3 : Freshly collected, unstained flukes, slightly pressed under 
a glass plate and photographed under the day light 
conditions. Note the colour difference in the 'pink' and 
'yellow' varieties of Paramphistomum epiclitum (PP and PY), 
Cg: Gigantocotyle explanatum, Gx: Gastrotbylax crumenifer, 
Fs: Fischoederius elongatus, Os: Ortbocoelium scoliocoe-
lium, Ca: Calicophoron calicophorum, Cb: £. cauliorchis, 
PP: Paramphistomum epiclitum (pink variety), PY: P. epicli-
tum (yellow variety). 
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PLATE - II 
Whole mount preparations of some amphistomes stained with alcoholic 
borax carmine. 
Fig. 1 : G_. explanatum 
Fig. 2 : G^. crumenifer. Note the size of testes (Te) and ovary (Ov) 
during non egg producing phase. 
Fig. 3 : G_. crumenifer. Note the gonads recrudescence and well 
developed vitellaria (Vt) during egg production phase. 
fig. 4 : P_. epiclitum 
Fig. 5 : F_. elongatus 
Fig. 6 : 0_. scoliocoelium. 
Ph: Pharynx, U: Uterus, G: Gut, VP: Ventral pouch, Te: 
Testes, Ov: Ovary, Ac: Acetabulum. 
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AREAS REPORTED FOR AMPHISTOME INFECTION AMONG LIVESTOCK AND 
ALSO KNOWN FOR AGRICULTURE AND IRRIGATION 
OUTBREAKS WITH YEARS 
FIG. I : Major outbreaks and prevalence of amphistome infection 
in the livestock of India and its correlation with the 
areas known for irrigation and agriculture. 
The current literature on amphistomes is mostly dominated by morpholo-
gical and taxonomic descriptions of various species. Fischoeder (1901, 1903) 
established the first classification scheme for this group. He assigned all 
the species to a single family, paramphistomidae. Stiles and Goldberger (1910), 
however, proposed evaluation of the group to the status of a superfamily, 
paramphistomoidea, comprising of three families, paramphistomidae, Gastro-
thylacidae and Gastrodiscidae. Subsequently, several additional systems of 
classification have been proposed (Looss, 1912; Mapplestone, 1923; Stunkard, 
1929; Fukui, 1929; Nasmark, 1937; Yamaguti, 1958, 1971; Sey, 1979; Eduardo, 
1982a, b; 1983, 1984, 1985). In some of these studies it has been emphasized 
to use the reproductive and excretory morphology in the classification of 
the group, whereas others have attributed particular significance to the arrange-
.ment of muscle fibres in the acetabulum and pharynx and to histological 
details of the genital atrium. Rejecting the histomorphological criteria due 
to its complexity, Mukherjee and Chauhan (1965), and Gupta and Nakhasi 
(1977) presented alternative diagnostic keys for identifying various species 
of Indian paramphistomes, largely using whole mount preparations. 
However, much confusion has arisen from inconsistencies in the use 
of morphological and histological criteria to separate species, genera or sub-
families etc., for many paramphistome 'species' simply look alike. Despite 
the comprehensive systematic studies no single satisfactory system for classifying 
paramphistomes has evolved. As a result of which numerous authors have 
described new species on the basis of one particular system which have subse-
quently been redescribed as a separate species or even separate genera by 
reference to one of the other systems. More recently the ultrastructural 
approach presented by Eduardo (1982, 1983, 1984, 1985) is of limited value 
to the workers in the third world countries where many paramphistomes are 
i 
endemic but at times the limited facilities available to the researchers act 
as a limiting factor in the progress of various investigations. As a result, 
many studies remain unaccomplished leaving many gaps and lacunae which 
would have been otherwise fulfilled. 
During the course of present study an interesting observation was made 
that some of the mature specimens of P. epiclitum were, though, morphologically 
identical but exhibited variation in their body colour, one being buff or dirty 
'yellow' while other was 'pink' in colour. Therefore, the need for a biochemical 
or immunological approach to characterize these parasites was desired. Once 
the specific proteins or antigens are identified, they can be subsequently 
exploited for the control measures through gene manipulations by employing 
the recombinant DNA technology. They may also serve as potential targets 
of monoclonal antibodies raised through hybridoma technology and could be 
ultimately used in the production of subunit vaccines. 
The life cycle of paramphistome species parasitizing ruminants is basically 
similar to that of Fasciola hepatica, involving a sexual phase of reproduction 
in the definitive host and an asexual phase in a moUuscan intermediate host 
(Fig. 2). Buffaloes harbour the infection by feeding on the pastures infected 
with the metacercarial stage of the amphistomes. The poor livestock manage-
ment, stray grazing of animals, ineffective quarantine measures and the lack 
of a potent chemotherapeutic agent against immature and adult worms, may 
be responsible for the large scale prevalence of these infections. The anoplo-
cephalid cestodes constitute another major group of helminths which produce 
various pathological disorders associated with the gastro-intestinal tract of 
sheep and goat. In acute cases the infection can also be fatal to young 
animals. 
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The immense fecundity of most of the parasitic worms, rapid strobi l izat ion 
in cestodes and asexual mul t ip l icat ion of larval trematodes obviously indicate 
the presence of an ef f ic ient protein synthesis in helminths. The excretion 
of a wide variety of nitrogenous end products and the presence of metabolical ly 
important compounds in the excretory f lu id re f lect the importance of protein 
catabolism in helminths. Secretion of antienzymes and the antigenic turnover 
in helminths further suggest that these organisms are well adapted for the 
parasitic mode of l i f e . Thus, parasitism has brought about not only morphological 
adaptations but physiological, biochemical and immunological adaptations in 
order to establish the successful host-parasite relationship. 
The host-parasite relationship is an important aspect because parasites 
are known as "metabolic opportunists" and possess a chameleon l ike physiological 
qual i ty. The precise nature of the metabolic switches s t i l l mysti f ies parasitolo-
gists who are t ry ing to explain this int r icate host-parasite relationship at 
molecular level . Most of these studies are either confined to Fasciola spp. 
or schistosomes. It is, therefore, essential that other species should also 
be investigated in order to understand the physiological basis of parasitism 
and also the parasitic adaptations at d i f ferent levels of the host-parasite 
interactions. 
Among the various aspects of helminth physiology, carbohydrate metabolism 
has been most widely studied and used as a target of various anthelmint ics 
which disrupt the energy production processes. In a recent comprehensive 
review, Boray (1986) pointed out that some anthelmint ics for amphistomiasis 
are ef fect ive against immature worms while some in mature infections. This 
variat ion is very signif icant and indicate the metabolic differences in the 
immature and mature worms. Therefore, the search for a more potent and 
safe ant i-parasit ic compound is s t i l l an act ively pursued problem. However, 
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the meaningful results have not yet attained because our knowledge of the 
physiology and biochemistry, particularly, of protein metabolism of most of 
the parasites is incomplete or even non-existent (for references see Von Brand, 
1979; Barrett, 1981; Podesta, 1982; Smyth and Halton, 1983; Arme and Pappas, 
1983). 
Some of the aspects of amphistome physiology, particularly, the osmotic 
and ionic behaviour, the physicochemical nature of haemoglobin, some metabolic 
aspects and ultrastructural studies, have been carried out in detail (See referen-
ces in Smyth and Halton, 1983; Dunn et_ ^ . , 1987) however, the protein meta-
lism has remained grossly neglected. In the present study a number of helminths 
belonging to different taxonomic groups, inhabiting the same or different 
microenvironments were selected in order to examine the intraspecific and 
intersepecific differences among the species that might exist as a result 
of niche seggregation and due to differences in ecophysiological conditions. 
Initially, the efforts have been directed towards the biochemical and immunolo-
gical approach to specific identifications followed by various metabolic studies. 
Among the various metabolic studies, the mode of uptake of micro-
molecular nutrients is very important not only from nutritional point of view 
but also from control point of view. Because, such drug molecules can be 
designed which would be readily absorbed by the parasites to disrupt the 
metabolic functions. The removal of metabolic v/astes from the parasites 
is also important to understand the regulation of homoeostasis. 
The metabolic studies would remain incomplete unless some key enzymes 
are investigated. The enzymatic studies v;ill provide an opportunity to see 
the metabolic turnover, interconversion of various substrates which link the 
different metabolic cycles including anabolic and catabolic processes. Some 
1 i 
of the enzymes like glutamato dehydrogenase and several transaminases also 
stand at the cross-roads to carbohydrate and protein metabolism while a 
number of deaminases and hydrolases will bring about the degradation of 
proteins, thereby releasing a variety of end-products. Therefore, the present 
approach will provide an over all view of protein metabolism in helminths. 
In the present study specific attention was paid to the selection of an appro-
priate methodology and sensitivity of the analytical procedures in order to 
obtain optimum results for comparison and to avoid the influence of interfering 
substances. 
It has been emphasized that biochemical diversity must receive as much 
attention as biochemical unity and undue importance to any one would lead 
to a distorted picture. Therefore, comparative studies should be carried 
out with the nature of variability from the patterns common to many forms 
of life and this would contribute to a better understanding of biochemical 
evolution and adaptations. 
The present work was carried out in a moderately equipped laboratory 
where facilities available to the author were very limited and virtually the 
facilities for isoelectric focussing and scintillation counting were nonexistent, 
therefore, only a few aspects have been investigated. As a result, many 
questions have remained unanswered, however, they will form the future line 
of research. 
C H A P T E R 
TOTAL PROTEIN CONTENT 
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INTRODUCTION 
The physiological significance and the ubiquitous distribution of proteins 
make them an integral component of every biological activity. Besides being 
building bloci<s, proteins are also involved in the contractile system, in transport 
mechanism, as protective agents, toxins, hormones, amino acid reserves and 
also as a source of energy in the absence of primary (carbohydrates) energy 
source. 
During cellular differentiation, the nucleo-cytoplasmic interactions lead 
to the qualitative and quantitative biochemical changes that ultimately lead 
to morphogenesis. The metabolic turnover accompanying the transformation 
from one stage to the next during the completion of life cycle involves 
qualitative as well as quantitative changes in various metabolites which are 
greatly influenced by the physico-chemical factors of different micro-habitats. 
Rogers and Petronijevic (1982) have suggested that the development is controlled 
by sets of genes which are activated or suppressed on receiving an appropriate 
stimulus involving complex interaction between intrinsic and extrinsic factors 
at a specific stage of the life cycle. Such controlled changes may also be 
responsible for the differential antigenic and protein turnover in parasites. 
The proteins are of obvious interest as the development of new structures 
and physiological activities are linked with these molecules (Brachet, 1957). 
In order to maintain the germ line, majority of helminths have enormous 
fecundity, for example Fasciolopsis buski produces 25,000 eggs per day and 
from a single miracidium, 10,000 and 200,000 cercariae were produced in 
Schistosoma japonicum and ^ mansoni, respectively. The asexual reproduction 
of larval trematodes highlights the significance of protein metabolism in these 
organisms. Inside the intermediate molluscan host, the parasite undergoes 
asexual multiplication, resulting in an amplification of genome as thousands 
1 '-' 
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of subsequent larval stages are produced (Loverde ei^ aL, 1989). It has been 
reported that every day a single female of ^ mansoni produces eggs almost 
equal to its body weight (Becker, 1977). Further, in order to produce 300 eggs 
each female is calculated to generate 11,000 mature vitelline cells (Erasmus 
and Davies, 1979; Popiel, 1986). The rapid strobilization in cestodes also 
suggests that the process of protein metabolism is very efficient in helminths. 
The nitrogenous end products of protein metabolism and the presence 
of metabol(cally utilizable compounds like amino acids in the excretory fluids 
of helminths reflect the importance of protein catabolism. Despite their 
functional significance, proteins and their metabolim has remained a neglected 
aspect of parasite physiology. Among the helminths, studies on protein 
metabolism have been restricted to a limited number of parasites. Among 
the trematodes, Fasciola spp. and schistosomes and in cestodes, Hymenolepis 
spp., have been extensively used. Although amphistomes are quite important 
from epidemiological as well as pathophysiological point of view but they 
have escaped the attention of parasitologists. 
The earlier investigators have generally expressed the protein content 
of parasites on the basis of nitrogen content and employing the conventional 
multiplying factor of 6.25 or 6.41. However, serious doubts have been raised 
on this method, as the non-protein fraction of the total nitrogen is usually 
high, particularly in cestodes (Reid, 1942; Salisbury and Anderson, 1939; 
Von Brand, 1952). With the advancement of methodologies and development 
of new techniques, more sensitive and accurate methods of protein estimation 
are available, which provide satisfactorty and consistent results. So far the 
Folin phenol method of Lowry £1 ^ . (1951) has been most commonly used 
for protein estimations untill the other procedures like dye binding method 
of Bradford (1976) and its further refinement by Spector (1978) were developed. 
M 
Due to the presence of large array of interfering compounds in crude 
parasite homogenates, most of the methods of protein estimation can not 
be applied directly. The phenols have been found to interfere in Lowry's 
method as suggested by Ahmad and Saleemuddin (1981). The dye binding 
method of Bradford (1976) using Coomassie Brilliant Blue for protein estimation 
is very rapid and highly sensitive. This method is unaffected by those substances 
which markedly interfere with the Folin phenol method. The principles of 
different procedures for protein estimation are diagramatically represented 
in Fig. 1.1. 
Among the limitations of the dye binding assay, a wide variation in 
the reactivity of the dye with various purified proteins have been found, 
however, reasonable results are obtained while working with a mixture of 
proteins as in crude preparations (Bio-Rad Technical Bulletin, 1979). In most 
of the earlier studies on the biochemical composition of parasites, crude 
preparations have been used and no comparison could be possible due to the 
differences in assay methods and different parameters used for the estimation 
of protein content. 
The outstanding feature of helminth parasites is their complex life 
cycles which may involve different hosts and habitats along with free living 
phases. Therefore, a parasite is frequently faced with a succession of different 
environments during development. The different developmental stages of 
a parasite not only show morphological variations but certain biochemical 
changes are also accompanied. Unfortunately very little is known about the 
protein turnover in the larval stages of parasites. 
The available literature on protein content of various parasites inhabiting 
different hosts and habitats show considerable variations. In some of the 
previous studies, data of the total protein content have been expressed in 
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FIG. 1.1 : Diagramatic representation of a part of 
indicating groups that are involved 
estimation by various methods. 
polypeptide 
in protein 
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a range showing minimum and maximum levels. No explanation has been 
offered for such variations particularly, in amphistomes. It may be possible 
that such variations are associated with the reproductive cycle, seasonal 
regression and recrudescence of gonads as well as influence of the habitat. 
LITERATURE REVIEW 
Literature survey of the work done in the past several years clearly 
reveal that only a few species of helminth parasites, particularly, schistosomes, 
Fasciola spp., and Hymenolepis spp., have been used for various biochemical 
and physiological investigations. Among the larval helminths most of the 
studies have been restricted to a few species as revealed from a number 
of exhaustive reviews available on the parasite biochemistry and physiology 
(see references in : Von Brand, 1952* 1963, 1973, 1979; Smyth, 1966, 1969; 
Chappell, 1980; Barrett, 1981; Cox, 1982; Smyth and Halton 1983; Arme and 
Pappas, 1983). 
Studies on the free-living and intra-molluscan larval stages of trematodes 
are confined to either Fasciola spp., or schistosomes. Among the nematodes, 
eggs of Ascaris spp., have been largely used for most of the metabolic studies. 
The energy metabolism has been "widely studied in order to investigate the 
possibilities of finding avenues which could be exploited for chemotherapeutic 
control (Von Brand, 1973, 1979; Cheng, 1963; Tielens, 1982). 
It is generally accepted that wherever cellular differentiation and 
multiplication is involved, proteins and nucleic acids play a vital role. According 
to Smith and Walker (1986) nucleic acid synthesis is followed by protein synthesis 
in cellular differentiation in gonads of Asterias vulgaris. The eggs of 
Schistosoma spp., have been reported to be rich in enzymes (Peppier, 1958; 
Andrade and Barka, 1962), and a number of dehydrogenases have been histo-
chemically demonstrated in the miracidium of ^ hepatica (Humiczewska, 1975). 
The isoenzymes of eight enzymes of schistosome cercariae have also been 
investigated by Boissezon and Jelnes (1982) whereas, Probert (1966) also reported 
various enzymes from redia and cercaria of Echinoparyphium recurvatum. 
Thus the presence of a large number of enzymes reflect the importance of 
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protein metabolism in the developmental stages of helminths. 
The protein content of different developmental stages of Nippostrongylus 
brasiliensis was found to differ considerably. It constituted about 76% of 
the dry weight in juveniles (Florkin and Scheer, 1969), Though protein synthesis 
proceeds at a high rate in trematodes, only few studies have been carried 
out on their larval stages. The biochemical composition of developing eggs 
of Fasciola spp., amino acid metabolism in sporocysts, rediae, and cercariae 
of Glypthelmins spp., Gorgoderina amplicava and Echinoparyphium spp., have 
been investigated (Cheng, 1963; and Wilson, 1967). 
Wilson (1967) used histochemical and physiological techniques to investigate 
the changes in biochemical composition associated with the development of 
miracidia from the egg stage and reported a sharp decline in the gross protein 
level during the cellular organisation of miracidia, whereas shell proteins 
remain undisturbed during the developmental process. 
As can been seen from the data presented in Table - 1.1, no generaliza-
tion is possible regarding the total protein content of helminths inhabiting 
different hosts and habitats, since different workers have used different 
assay methods and expressed their results either on wet or dry weight basis. 
Weinland and Von Brand (1926) found that protein constituted 58 percent 
of the dry tissue of F\_ hepatica, whereas Coil (1958), obtained high protein 
values from the total nitrogen content of Gigantocotyle explanatum, Gastrothylax 
crumenifer and F\_ gigantica. Although Von Brand (1973) pointed out that 
the total protein content calculated from the total nitrogen content gives 
spurious results because the non-protein nitrogen varies considerably in helminths 
(Eisenbrandt, 1939; Salisbury and Anderson, 1939; and Campbell, 1960). In 
a comprehensive study, Haque and Siddiqi (1982) investigated protein content 
of different trematode species inhabiting different hosts and habitats by using 
Table - 1.1 : The protein content of some helminth parasites 
in 
Parasite species Prolcm ill % dry 
weight 
% wet 
weight 
References 
Trematodes: 
basciold hepatica 
Pasciola gigantica 
Gastrothvlax crumenifer 
Paramphistomum explanatum 
Gigantocotyle explanatum 
Snvastavaia indica 
Lchinostoma malayanum 
t-asciolopsis buski 
Gastrodiscoides hommis 
Dicrocoelium dendriticum 
D\crocoeliurf\ merlangi 
Isoparorchis hypselobagn 
Schistosonna mansoni (male) 
Schistosoma mansoni (female) 
Haematoloechus medioplexus 
Diplodiscus subclavatus 
Haplometra cylindracea 
58 
67 
49 
36 
53 
42 
33 
31 
33 
34 
48 
72 
44 
50 
65 
66 
62 
63 
10 
8 
10 
10 
9 
7 
8 
4 
Weinland & Von Biand (1926) 
Goil (1958) 
Goil (1958) 
Haque & Siddiqi (1982) 
Goil (1958) 
Haque & Siddiqi (1982) 
Haque & Siddiqi (1982) 
Haque ic Siddiqi (1982) 
Haque & Siddiqi (1982) 
Haque & Siddiqi (1982) 
Ecker t & Lehner (1971) 
Arme (1975) 
Haque &: Siddiqi (1982) 
Von Brand (1952) 
Von Brand (1952) 
Halton (1964) 
Halton (1964) 
Halton (1964) 
Cestodes: 
Echinococcus granulosus 
Moneizia expansa 
Raillietina cestieillus 
laeiua taeniformis L. 
laenia tdenifoimis A 
61 
22 
36 
27-29 
45 
Agosin et_ £l_. (1957) 
Campbell (1960) 
Reid (1942) 
Von Brand 4c Bowman (1961) 
\ o n Brand & Bowman (1961) 
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the method of Lowry e^ ah (1951) and concluded that the protein content 
of the worms living in the gastro-'intestinal tract was found to be lower than 
the extra-intestinal worms (inhabiting swim bladder and bile duct). According 
to these authors (loc. cit.) the protein content of a number of trematode 
species ranged from 4.0 - 10.5 percent on the fresh weight basis. Further, 
Mettrici< and Canon (1970) have suggested that the variation in the protein 
content could be related to the age of the worm as well as to the species 
differences. It has also been emphasised that the age, degree of maturity 
and nutritional condition of the iiost are important factors which might 
influence the total protein content of parasites (Smyth, 1966). 
The sensitivity and limitations of different assay methods used for 
the estimation of proteins may also be responsible for the variation of results 
(Ahmad and Saleemuddin, 1981), The phenolic compounds have been reported 
to interfere during protein estimation by Folin phenol method (Lowry et^ aL, 
1951) but not with the dye-binding method of Bradford (1976). In a recent 
review on different methods of protein determinations, Darbre (1986) has 
also mentioned that the dye binding method, utilizing the Coomassie Brilliant 
Blue, is four times more sensitive than the Lowry's procedure, and phenolic 
compounds and catecholamines do not interfere during the assay of proteins. 
However, the short-comings of the dye binding method can be easily overcome 
by using suitable modifications as suggested by Spector (1978). 
The foregoing review of literature clearly reveals that no generalization 
is possible as far as the protein content of helminths is concerned. Therefore, 
in the present study an attempt has been made to investigate the total protein 
content of a number of helminth parasites inhabiting same or different hosts 
and habitats by using a more reliable and rapid analytical method in which 
the artefacts do not interfere. Further, the protein turnover was investigated 
< ^ 
in different developmental stages of G_^  explanatum in order to find out the 
consequence of asexual multiplication. Lastly, protein changes associated 
with the reproductive cycle, seasonal reggression and recrudescence of gonads 
in the adult amphistomes have also been investigated. 
\-z 
MATERIALS AND METHODS 
Parasite Collection; 
Adult trematodes and cestodes were collected from the freshly slaughtered 
Indian water buffaloes and goats at the local abattoirs. Among the trematodes, 
Gigantocotyle explanatum and JF\_ gigantica were collected from the buffalo 
liver, whereas Gastrothylax crumenifer, Fischoederius elongatus, Orthocoelium 
scoliocoelium, Calicophoron calicophorum, C. cauliorchis, Paramphistomum 
epiclitum (Pink and yellow varieties) were collected from the infected rumen. 
Among the goat parasites G^ crumenifer was also collected from the rumen, 
while Stilesia globipunctata and Avitellina lahorea from the small intestine. 
The parasites were collected and brought to the laboratory expeditiously. 
The worms of approximately same size and maturation stage were pooled 
from the individual infection and processed separately for various studies. 
Each lot was washed thrice in Hank's balanced salt solution (HBSS), pH 7.4, 
0 
premaintained at 37 ± 2 C. Immediately after washing they were damp dried 
and either used freshly or frozen in liquid nitrogen for subsequent use. 
For the collection of eggs, mature and active worms of G^ explanatum 
o 
were incubated in HBSS, pH 7.4, at 37 ± 2 C for 12 hours, thereafter, the 
worms were discarded and the eggs were allowed to settle at the bottom 
of the incubation vessel. The eggs were thoroughly washed with tap water 
and a packed volume (0.02 ml containing approximatly 20,000 eggs) was weighed 
before it was taken for protein estimation. The remaining eggs were incubated 
0 
for miracidial development in tap water at 30 ± 2 C, in the presence of 
light. The progress of development was observed under the stereo-zoom 
binocular microscope, and water was changed daily. On the 4th day of post 
incubation, one batch of eggs was collected for the estimation of protein 
content in order to see the developmental transitional changes. The second 
batch of the incubated eggs containing fully developed miracidia which exhibit 
clear wriggling body movements and brisk ciliary movements were used on 
the 8th day of post-incubation before the hatching starts. 
The intra-molluscan stages, rediae and cercariae were collected from 
the experimentally infected snails, Gyraulus convexiusculus, maintained under 
the laboratory conditions. Each snail was checked for the cercarial shedding 
and those found infected were separated. The infected digestive gland/hepato-
pancreas were dissected out by breaking the shell and the larval stages were 
collected under microscope with the help of a fine brush. Only the rediae 
and cercariae of pigmentata group representing the larval stages of G. 
explanatum were collected and identified on the basis of various characters 
as described by Firasat & Nizami (1989). A total of 400 each rediae and 
cercariae were taken. The protein content of all the larval amphistomes 
was estimated by the method of Lowry ^ _al_. (1951). 
In order to observe the seasonal changes in the protein content, active 
and adult G_. crumenifer and G^ . explanatum were collected from January to 
December 1986. Worms were collected randomly from 15 to 20 infected 
buffaloes and pooled according to the species. A minimum of 5 replicates 
were used each month. The monthly parasite samples were first analysed 
for their reproductive state by egg shedding experiments and morphometric 
changes of gonads and associated organs by examining them microscopically 
as described by Hanna et^  ^ . (1988). 
Preparation of homogenates: 
The eggs /larvae/worms were homogenized in phosphate buffered saline 
(PBS), pH 7.4, containing 0.25 M sucrose, in a teflon tissue homogenizer and 
a final 10% homogenate (w/v) concentration was maintained. Following homo-
genization, the debris was removed by centrifugation at 1000 x g and the 
: '1 
supernatant was used for protein estimation. A known volume of fresh homo-
genate (1000 x g supernatant) was precipitated with an equal volume of 10% 
TCA at 4 C, followed by two changes in 5% TCA. The precipitated protein 
was then treated with ethanol : ether (2:1) and subsequently washed with 
pure ether. The extracted protein was dried and then solubilized in either 
PBS or 0.1 N NaOH and different aliquots were taken for estimations. 
Protein estimations; 
Total protein content was estimated in the fresh homogenate and the 
TCA precipitated fraction. For comparison, both Folin phenol (Lowry et^ 
al., 1951) and dye binding method (Bradford, 1976) as modified by Spector 
(1978) were used. The dye binding micro-assay essentially utilizes Coomassie 
Brilliant Blue G-250 dye (0.1%), phosphoric acid (10%) and ethanol (5%) for 
0.1 ml sample per ml of dye reagent and the absorbance was recorded at 
595 nm. The bovine serum albumin (BSA) prepared in 0.1 N NaOH was used 
as standard. 
Nucleic acid estimations: 
Nucleic acids were also estimated in the adult flukes with particular 
reference to seasonal changes. RNA was estimated by the orcinol method 
of Dische (1935) and DNA by Burton's diphenylamine method as modified 
by Giles and Myers (1965). 
The data were subjected to statistical analysis using Student t-test 
as described by Sokal and Rohlf (1981). 
Units; 
The results have been expressed as mg/gm fresh weight except in intra-
molluscan stages where the protein content is expressed on the basis of number 
of redia and cercaria due to limited availability of the material. 
; 0 
RESULTS 
Protein content of larval stages of G. explanatum; 
In order to find out the protein content of larval amphistomes, fresh 
eggs, 4 days old embryo, fully developed miracidia, redia and cercaria of 
G. explanatum were used (Fig. 1.2). The pronounced variation in the level 
of protein content was recorded in different larval stages (Table - 1,2). 
In the fresh eggs the protein content was found to be 29.41 mg/gm wet weight, 
in 4 days old embryo it was 26.00 mg/gm wet weight, and 19.93 mg/gm wet 
weight in fully developed miracidia. 
The depletion in the protein content between the fresh eggs and fully 
developed miracidia was statistically highly significant (p< 0.001). It is evident 
from the present results that protein is being utilized for cellular differentiation 
and organogenesis during the development of miracidia. 
The intra-molluscan larval stages exhibit a remarkable built-up of protein 
reserves from redia to cercaria, 28 AJgm/400 rediae and 82 /ugm/400 cercariae, 
respectively (Table - 1.2). The difference in the protein level between these 
larval stages was also significant (p<^0.01). Higher protein content in cercariae 
indicates that new proteins are being synthesized and stored. Therefore, 
the protein content of larval amphistomes remains in a dynamic state during 
the process of development. 
Total protein content of some helminths: 
The protein content of different helminths was estimated by the methods 
of Lowry ei^  aL (1951) and Bradford (1976) as modified by Spector (1978). 
The quantitation of portein was done in both the freshly prepared homogenates 
as well as TCA precipitated fraction. The results are summarized in Table - 1.3. 
FIG. 1.2 : Different developmental stages of Gigantocotyle explana-
tum used for protein estimation. A: Adult, B: Fresh 
eggs, C: 4 days old embryo, D: Eggs containing fully 
developed miracidia, E: Redia, F: Cercaria. 
;- ( 
Table - 1.2 : Total protein content in different developmental stages of 
Gigantocotyle explanatum 
Developmental Protein Content 
Stages rng/gm wet weight ± SEM 
Free-living: 
Fresh eggs 29.4U0.348 (4) 
4 days embryo 26.02±0.816 (4) 
Miracidia 19.93±0.958 (4) 
Intra-molluscan: 
Redia 28.56±3.56 (3)* 
Cercaria 82.48±11.89(3) 
Final host: 
Adult 82.32±0.44 (5) 
* Values are expressed as /jgm/400 redia or cercaria, ± SEM. 
The figures in parentheses represent the number of replicates. 
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FIG. 1.3 : Protein estimation by the method of Lowry et al 
(1951) (A, B), and Bradford (1976) as modifTed~by 
Specter (1978 (C, D), m clear fCA supernatant 
following precipitation of homogenates of Giganto-
cotyl explanatum and GastroLhylax crumenifer 
Absorbance given by sample containing no FCA 
supernatant was taken as 100% 
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It can be seen from the present results that by the Lowry's method, 
significantly high protein values were obtained in the fresh homogenate as 
compared to the TCA precipitated fraction. These values were still higher 
than the results obtained by the dye binding procedure. However, by the 
latter method, statistically insignificant difference (p y 0.05) was noticed in 
the protein values of fresh homogenates and their TCA precipitated fraction. 
In order to investigate the difference between the protein content 
of fresh homogenate and TCA precipitated fraction by Lowry's method, an 
experiment was designed in which the TCA supernatant was checked for the 
presence of non-precipitated moieties by Lowry's method and dye binding 
assay. It was found that the addition of TCA supernatant to the tubes contain-
ing i<nown concentration of BSA causes a linear increase in the absorbance 
indicating the presence of TCA unprecipitated substances by the Lowry's method 
in both the parasites - G^ explanatum and G_. crumenifer (Fig. 1.3). However, 
no such moieties were detected by the dye binding procedure. This shows 
that in the Lowry's method some non-TCA precipitated substances also give 
colour and this could be a reason for higher values of proteins obtained 
by the Lowry's method, particularly in the fresh homogenates. 
It was found that G^ . explanatum and ^ . gigantica, though inhabiting 
the same habitat but belonging to two different taxonomic groups, exhibit 
significant (p <, 0.01) difference in their protein content. But in the closely 
related genera of the pouched amphistomes, Fj_ elongatus and G^ . crumenifer, 
as well as the anoplocephalid cestodes, ^. globipunctata and A_. lahorea, which 
commonly occur as concurrent infection in their respective habitats, also 
exhibit significant variation in their protein contents (Table - 1.3). 
Among the other rumen amphistomes of buffalo, the two species of 
Calicophoron, C^ . calicophorum and C^ . cauliorchis, exhibit substantial variation 
:\ 
in their protein level. The significant difference (p<^0.01) was also recorded 
in the two varieties of P. epiclitum (Pink and yellow) which are also found 
as concurrent infection (Table - 1.3). 
It can be seen from the Table - 1.3, that intra-specific variation in the 
protein level of G^. crumenifer, collected from the buffalo and goat rumen, 
was also found to be highly significant (p<C 0.001). 
Seasonal changes in the protein and nucleic acid contents: 
In order to find out the reason for the fluctuations in the protein 
content of G^ . crumenifer and G. explanatum in various replicates collected 
at different time intervals, it was decided to examine the protein content 
of these amphistomes on a monthly basis. The results are summarized in 
Tables - 1.4 and 1.5, and the statistical significance between the minimum 
and maximum level is presented in Table - 1.6. 
Observations on the morphometric changes in gonads and other associated 
structures revealed that during the egg production phase the size of the gonads 
increases along with an increase in the number of vitellaria, whereas during 
winters the egg production ceases, leading to the regression of gonads which 
appear in rudimentary form and the inconspicuous vitelline follicles, particularly 
in G^ . crumenifer. No such pronounced changes occur in the liver amphistome, 
G. explanatum. 
The results of the seasonal biochemical changes (Table - 1.4) reveal 
that in G^. explanatum, the protein content increases twice a year, the first 
phase representing the short peak in May and the second broad peak during 
the monsoon and post-monsoon season ranging from late July to November 
with a maximum value in October. Post-monsoon season is the period of 
maximum egg production and reproductive activity. However, no definite 
reproductive cycle was recorded in this parasite as the worms produce eggs 
• ) ' ) X 
Table - 1.4 : Seasonal changes in Protein and Nucleic Acid contents of 
Gigantocotyle explanatum 
Months Protein RNA DNA 
January 
February 
March 
Apr i l 
May 
June 
July 
August 
September 
October 
November 
December 
25.35±0.004 
24.39±0.007 
22.62±0.082 
21.13±0.051 
34.14±0.117 
25.53±0.002 
33.04±0.043 
31.36±0.084 
31.9U0.046 
35.47±0.123 
34.59±0.299 
24.62±0.096 
1.080±0.024 
1.211±0.071 
1.827±0.100 
2.13U0.198 
2.636±0.082 
3.470±0.178 
1.786±0.056 
1.987±0.100 
1.682±0.028 
2.043±0.008 
1.733±0.030 
1.748±0.036 
0.055±0.009 
0.122±0.025 
0.186±0.010 
0.249±0.039 
0.303±0.023 
0.440±0.067 
0.377±0.032 
0.290±0.039 
0.256±0.011 
0.257±0.046 
0.094±0.004 
0.092±0.006 
* Values are expressed as mg/100 mg wet weight ± SEM 
+ Values are expressed as mg/gm wet weight ± SEM 
;^^ 
Table - 1.5 : Seasonal changes in Protein and Nucleic Acid contents of 
Gastrothylax crumenifer 
Months Protein RNA DNA 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
23.84±0.124 
23.55±0.059 
29.76±0.183 
27.54±0.173 
25.62±0.067 
34.45±0.073 
33.48±0.005 
37.86±0.134 
39.61±0.074 
40.22±0.087 
29.62±0.127 
31.69±0.184 
1.452±0.014 
2.363±0.045 
1.902±0.069 
2.974±0.222 
3.726±0.195 
4.014±0.175 
2.769±0.106 
1.412±0.110 
1.475±0.034 
2.293±0.049 
2.333±0.014 
2.229±0.040 
0.037±0.005 
0.082±0.018 
0.09U0.019 
0.153±0.024 
0.21010.026 
0.248±0.029 
0.11U0.022 
0.046±0.004 
0.057±0.017 
0.067±0.016 
0.083±0.017 
0.080±0.009 
* Values are expressed as mg/100 mg wet weight ± SEM 
+ Values are expressed as mg/gm wet weight ± SEM 
. V I 
§s 
o 
E 
3 
CO 
c 
a 
X 
a; 
V 
c 
« 
u 
<<-i 
c bD 
73 
E 
3 
E 
'x 
a 
«5 
'E 
a; 
e 
3 
61 
3 
E 
c 
i 
c 
CO 
c 
bp 
E 
3 
E 
*x 
CO 
E 
3 
_E 
'c 
S 
o 
o 
CD 
o 
o 
o 
o 
o 
a 
i n 
CO 
^ 
•^  
O 
00 
o 
O 1 -
o 
o 
o 
v / 
Q: 
-^
o 
. o 
V 
CL 
T— 
o 
C3 
vy 
CL 
o 
in 
i n 
in 
c» 
i n 
o 
o 
O r-
O 
Q 
• 4 - ' 
x: 
_bp 
O 
5 
£ 
0) 
E 
hD 
^ 
E 
x: 
'S 
5 
x: 
C M 
be 
E 
o 
o 
^ 
E 
CO 
•>-> 
CO 
o 
"Q. 
a; 
< l - l 
O 
XJ 
E 
3 2 
2 H 
i 
E 
s 20H 
o-« Testis 
Ovary 
a 
< 
z 
o 
o 
z 
t-
o 
3e 
•6 
Z (-o 
z 
UJ 
-I 
z 
< 
1-6-
1-2-
0-8-
0-4-
CA) 
J L 
2500T 
(B) 
i 
o 
Q 
UJ 
Z 
(0 
2000-
Ui 
u. 
O 
oc 
UJ 
00 
2 
3 
Z 
Z 
< 
Ul 
1500-
DNA 
1000-
FIG. 1,4 ; 
1^  
M M J 
M O N T H S 
Seasonal changes in the gondas, protein and nucleic acid 
contents of GlgantocotyJe explanatum. (A) Mean length of 
left testis and width of ovary measured from the random 
samples of 30 worms in each month throughout the year. 
(B) Monthly egg shedding of G_. explanatum sample 
collected throughout the year. Horizontal bars 
represent the various biochemical contents at the 
maximum levels in a year and show their correlation with 
the egg shedding cycle. 
;iC 
1-2-
glO-
z 
8 
U.08-
o 
z 
O 
^ 0 6-
4 
X 
|n.i-J 
Ul 
0-4-
z 
2 0-2 
s 
I ' ' ' • • • • L 
M O N T H S 
FIG. 1.5 : Seasonal changes in the gonads, protein and nucleic acid 
contents of Gastrotbylax crumenlfer. (A) Mean length of 
left testis and width of ovary measured from the random 
sample of 30 worms in each month throughout the year (B) 
Monthly egg shedding of Gastrothylax crumenifer sample 
collected throughout the year. Horizontal bars 
represent the various biochemical contents at the 
maximum levels in a year and show their correlation with 
the egg shedding cycle. 
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through out the year, with minor changes in gonadal recrudescence and regression 
(Figs. 1.4 A, B). 
In G^ . crumenifer, the protein concentration increases from June, and 
attains a peak value in October and thereafter it starts declining. Thus 
the parasite shows a broad single peak of protein content corresponding to 
the recrudescence of gonads and the egg production (Table - 1.5, Figs. 1.5 A, B). 
In order to further support our results of protein fluctuations with 
respect to reproductive cycle, DNA and RNA, were also estimated throughout 
the year in both the parasites. The maximum DNA and RNA levels in G^ . 
explanatum were observed from April to October with three peaks for RNA 
and a single broad peak for DNA (Table - 1.4, Fig. 1.4 B), whereas in G. 
crumenifer the maximum RNA and DNA concentrations were recorded from 
April to July (Table - 1.5, Fig. 1.5 B). It can be seen that the nucleic acids 
level builds up prior to the increase in the protein level. Therefore recru-
descence and regression of gonads correspond to the maximum egg production 
with increased level of nucleic acids and protein reserves. 
DISCUSSION 
The results of the present study reveal that protein reserves of the 
parasites change at different stages of life cycle as well as during the matura-
tion and developmental process. 
The gradual decline in the protein content of the eggs during the miraci-
dial development in the present study suggests that proteins may be involved 
in the cellular differentiation and organogenesis, energy production and other 
metabolic processes which are activated during the development. The decline 
in the level of proteins of the developing embryo of G^ . explanatum may 
be intrinsically programmed for the utilization of food reserves. However, 
the keratin type egg-shell protein of G. explanatum (Arfin and Nizami, 1986a) 
may remain constant and the tissue proteins being utilized during the develop-
mental process. In a similar study, Wilson (1967) also reported a significant 
decline in the protein and carbohydrate reserves of the eggs during the develop-
ment of F_. hepatica miracidia. Studies on the embryonic development of 
chicks also revealed that the rate of production of urea is very intense after 
the 4th day and before the 9th day of development, suggesting an active 
protein catabolism during this process (Needham, 1963). Proteins have also 
been utilized during the early development of silk worm as well as in some 
echinoderms (Needham, 1963). The proteins synthesized under the control 
of maternal genes are gradually replaced during the development by proteins 
synthesized under the control of embryo genes (Khrushchov, 1981). 
The fully developed miracidia emerge from the operculated eggs and 
find their way to infect the intermediate moUuscan host, Gyraulus convexiusculus, 
in which asexual multiplication and subsequent development takes place. 
After 30 days from an infected snail the cercarial shedding starts. Though 
the protein content of redia and cercaria in the present study has been expressed 
on the basis of number of larvae, it is difficult to compare with other stages 
but the gross picture revealed an increasing trend in the protein content 
from redia to cercaria. It is likely that under the influence of micro-habitat 
and increased metabolic requirements for asexual multiplication, the intra-
molluscan larval stages build up the protein reserves. A single redia may 
produce hundreds of cercariae, which on maturation become a free living 
stage. The higher protein content of cercariae may be an adaptation of 
the parasites to build up the nutrients because the subsequent larval stage, 
metacercaria, remain in a dormant state until they find their way into the 
definitive host. The intra-molluscan larval stages show predilection towards 
the hepatopancreas which is a nutritionally rich organ of the snail and during 
multiplication and maturation process the increased feeding of larvae may 
cause local histolysis of the hepatopancreatic cells. Further, redia have also 
been reported to bring about parasitic castration in molluscs (Smyth and Halton, 
1983). 
The metabolic turnover accompanying the transition from one larval 
stage to the next involves quantitative as well as qualitative changes in various 
components which may be greatly influenced by various physico-chemical 
factors of different micro-habitats. As Rogers <5c Petronijevic (1982) have 
suggested that development is controlled by sets of genes which are activated 
or suppressed on receiving an appropriate stimuli involving complex intractions 
between intrinsic and extrinsic factors at specific stages of the life cycle. 
The protein content estimated by the Folin phenol and the dye binding 
methods, using fresh homogenates and TCA precipitated fractions of the 
trematodes and cestodes under study also revealed significant differences. 
The values obtained for fresh homogenates were significantly higher than 
TCA precipitated fraction while using the method of Lowry et^  aL (1951), 
whereas no such differences were found when the protein was estimated by 
4 V.J 
the dye binding method. It has been reported that the phenolic proteins 
and other phenolic compounds significantly interfere in the Lowry's method 
(Ahmad and Saleemuddin, 1981). According to these authors (loc. cit.), due 
to the presence of phenolase, the phenols are polymerized and co-precipitated 
along proteins with TCA. Therefore, higher values are obtained in Lowry's 
method as compared to the dye binding assay. In helminths, mono-, di-, 
and polyphenols and catecholamines have been reported (Monne and Borg, 
1954; Smyth and Clegg, 1959; Ma, 1963; Nollen, 1971; Ramalingam, 1971, 
1972; Nellaiappan and Ramalingam, 1980; Arfin and Nizami, 1986a,b). The results 
of the TCA supernatant of both the amphistome parasites, G^ . explanatum 
and G^ . crumenifer, further suggest that the phenolic compounds present in 
these parasites may give positive results only with Lowry's method in which 
a linear increase in the absorbance was recorded. 
Therefore, the parasite phenols and catecholamines can be safely added 
to the list of compounds which interfere with the estimation of proteins 
by the method of Lowry ^ ^ . (1951). These compounds do not seem to 
produce any interference in the quantitation of total proteins by the dye 
binding method which has been reported to be four times more sensitive 
than Lowry's procedure, and most of the commonly used laboratory reagents 
produce least interference in the dye binding assay (Spector, 1978; Saleemuddin 
and Ahmad, 1984). 
It can be concluded that the dye binding assay could be directly applied 
to parasite homogenates because of its rapidity and tolerance to a large 
array of substances, however, some precautions must be taken to overcome 
limitations of this method, like non-linearity of the standard curve, which 
can be overcome by applying the convenient and suitable modifications as 
suggested by Spector (1978). Coomassie Brilliant Blue dye does not bind 
appreciably to peptides of molecular weights less than 3000, however peptides 
'i X 
of such dimensions are generally not considered large enough to be termed 
proteins (Saleemuddin and Ahmad, 1984). 
Since results of different metabolic studies and enzyme assays in helminths 
are generally expressed on the basis of protein, care should be taken to select 
a suitable and accurate method of protein estimation which is very significant 
in the quantitation of metabolic activities. 
The wide variation in the protein content of different parasites belonging 
to the same or different taxonomic groups and inhabiting various micro-environ-
ments indicate that no generalization is possible. It is evident from the 
present study that the habitat does not appear to influence the protein content 
of helminths understudy as parasites can not be grouped on the basis of protein 
content with respect to habitats. Although G^ . explanatum and ^ . gigantica 
inhabit the same habitat but show quantitative differences in protein content. 
It can be concluded from this study that individual differences are more 
prominent and grouping on this basis is not feasible. 
However, the influence of host variation on the protein content was 
evident in G^ . crumenifer. Considerable quantitative variation in the protein 
content was noticed when the results of G^. crumenifer collected from the 
buffalo and goat rumen were compared. In another study on the isozyme 
profile of lactate and malate dehydrogenases of G^ . crumenifer of goat and 
buffalo, pronounced differences were also reported by Dhandayuthapani et_ aL 
(1983). This clearly indicates that the parasite metabolism is influenced 
by the host contributory factors which might lead to the development of 
new strains in parasites. Such quantitative differences were also noticed 
in the closely related genera like F^ . elongatus and G^ . crumenifer as well 
as in cestodes, S^ . globipunctata and _A. lahorea which were generally collected 
.\2 
from the concurrent infection from their respective host, and habitats. Beside 
the generic differences, species differences in the protein level were also 
evident as in C^ . calicophorum and C^ . cauliorchis. Further, differences in 
the protein content in the yellow and pink varieties of P^. epiclitum were 
also noticed, although they do not show any morphological differences. This 
leads us to suggest that protein content could be used as a valid biochemical 
taxonomic tool for the separation of closely related genera and species, and 
even different strains can be identified by the quantitation of protein, as 
MciVIanus &. Smyth (1978) observed distinct strain specific differences in the 
biochemical composition of Echinococcus granulosus. However, further studies 
are required to investigate the qualitative differences in such closely related 
species. 
It is evident from the results that in G^ . crumenifer maximum level 
of protein builds up once a year and thereafter decreases gradually, whereas 
in G^ . explanatum the protein content builds up their maximum level twice 
a year without any marked change in the protein value during the remaining 
period. These periodic changes can be correlated with the seasonally modulated 
reproductive behaviour (Figs. 1.4, and 1.5). Hanna et^  aL (1988) reported 
that G. explanatum shows no evidence of seasonal modulation in the reproduction 
and produces relatively large number of eggs in all months, whereas G^ . 
crumenifer shows marked seasonality in egg production with maximum number 
of eggs during monsoon and post-monsoon months (June to September). They 
(loc. cit.) further suggested that such a modulation in the reproductive behaviour 
is possibly governed by some intrinsic or extrinsic trigger stimuli which initiate 
gonadal recrudescence and regression. 
Beside protein, gradual increase in the DNA content of rumen amphistome 
was also recorded before the onset of egg production (Fig. 1.5) indicating 
4 a 
the involvement of DNA in the process of vitellogenesis and gametogenesis. 
Goevert (1953) reported great variation in DNA content of R^ hepatica during 
vitelline cell formation. It is believed that in digenetic trematodes, DNA 
synthesis takes place during the development of primary gametocytes and 
remain constant in the oocyte through out its development (Goevert, 1960). 
Smith and Walker (1986) suggested that RNA concentration serves as 
a marker for the over all metabolic activity. Thus the rapid increase in 
total RNA content before the onset of egg production (Fig. 1.5), suggests 
the possibility of activation of development regulatory genes as well as somatic 
growth and differentiation. Conversely, a decline in cellular proliferative 
activity causes a simultaneous decrease in RNA content. Further, the subsequent 
decline in RNA level may be due to the loss of eggs and inactivation of 
genes responsible for egg production. As mentioned earlier the protein and 
RNA concentrations in G^ explanatum show two or three shallow peaks in 
a year. This may be due to the fact that reproductive organs remain active 
round the year and produce eggs (Fig. 1.4), unlike G^ crumenifer which shows a 
single annual sharp peak coinciding with the period of maximum gonadal 
proliferation. Thus, in rumen amphistome the activation of the egg production 
cycle is synchronized with the protein and nucleic acids build up. 
Increased concentration of protein during egg production can be attributed 
to increased vitellogenesis, synthesis of egg-shell proteins and high protein 
content of the egg _m utero. However, it should be noted that the RNA 
level builds up prior to increase in the protein level. The enormous number 
of eggs produced per day (Hanna et_ £L, 1988) further suggest efficient protein 
metabolism by amphistomes in order to maintain the seasonally modulated increas-
ed degree of fecundity and to ensure the establishment of a germ line. 
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The maximum ranges of various biochemical components along with 
gonad sizes and rate of egg production (Figs. 1.4 and 1.5) clearly suggest 
that the reproductive cycle of G^ . crumenifer can be categorized mainly into 
three phases, namely, preparatory phase (February/March - May/June), reproduc-
tive phase ((June/July - September/October) and post reproductive phase (October/ 
November - January/February), whereas in G_. explanatum no such reproductive 
cycle occurs since the egg production continues throughout the year with 
minor fluctuations. 
It can be concluded from the above discussion that the fluctuations 
in the biochemical components in the rumen amphistome are associated with 
the egg production cycle. Levels of total protein and nucleic acids are possibily 
controlled by the external environmental conditions which the host encounters 
during thermal and nutritional acclimatization which are ultimately governed 
by rainfall and pasture growth. Further, the period of maximum egg production 
also coincides with the peak snail activity as Dunn et^ aL (1986) observed 
maximum larval infection in snails during the same period. Therefore, bio-
chemical changes associated with the egg production in the parasite are signifi-
cant for the development of a time based control programme. 
However, further studies are required to investigate and correlate the 
reproductive cycle of G^ . crumenifer with the reproductive period of the host 
which itself is greatly influenced by hormonal factors and the external environ-
ment. 
C H A P T E R - n 
ELECTROPHORETIC ANALYSIS OF SOLUBLE PROTEINS 
•ir, 
INTRODUCTION 
Parasite physiologists are faced with a significant problem of ever 
increasing number of new genera and species and their correct taxonomic 
position. The quest for such investigations by conventional taxonomists continues 
in spite of the sophisticated tools that are available today to ascertain their 
correct systematic position. The problem becomes more acute when morpholo-
gically closely related species, sub-species or strains are to be investigated. 
It becomes difficult to differentia-te closely related species of the parasites 
purely on morphological criteria. This leads to the search for alternative 
methods which could provide more consistent and convincing results for the 
correct identification of the organisms through physiological, immunological 
and biochemical tools. 
It has been widely accepted that the proteins are the first conceivable 
products of gene activity. Therefore, any variation in proteins would reflect 
the differences in the genetic constitution of an organism. The sequence 
of codons on the DNA strand specifies the sequence of amino acids in the 
protein coded. It has been suggested by Ferguson (1980) that the structural 
genes which code for specific proteins are governed by regulatory genes which 
are influenced by the environmental effect leading to the changes in morphology, 
physiology and behaviour. Though the phenotype of an individual organism 
may change due to various environmental interactions its genotype otherwise 
remains constant. However, the structure of specific proteins is a primary 
phenotype which remains constant throughout the individual's life and about 
one third of the proteins of many organisms exist in genetically determined 
polymorphic forms (Ferguson, 1980). 
The intrinsic property of proteins being the charged molecules, has 
o 
provided an advantage that they can be resolved into di f ferent characterist ic 
fractions according to their electrophoretic mobi l i ty. Sibley (1960) emphasized 
that electrophoresis could be used as a powerful analyt ical tool . Further, 
Wright (1974) pointed out that the electrophoresis technique could be used 
as a valid taxonomic tool , however, detailed studies are required on d i f ferent 
groups of organisms. 
The species specific protein profi les would not only help in the ident i f ica-
tion but also serve as an excellent source for specif ic diagnosis part icular ly 
in case of endoparasites. Among the helminths such studies have been carried 
out only on a few species. As evident from the studies in previous chapter, 
part icular ly in puehed amphistomes, the seasonal biochemical changes are 
associatead wi th the size and shape of gonads. Such morphometric changes 
can be influenced by the reproductive and metabolic state of the parasite. 
Therefore, morphological characters alone can not be used as standard parameters 
for the characterizat ion of closely related parasites. In the present study 
an at tempt has been made to study the protein polymorphism as an aid to 
specific ident i f icat ion of a large number of closely related helminths infect ing 
the gastrointestinal t ract of the ruminants. The polyacrylamide gel electrophore-
sis of proteins in the presence of cationic detergent, sodium dodecyl sulphate 
would provide an opportunity to investigate the qual i tat ive nature and molecular 
weight of the parasite protein fract ions. Though the mobi l i ty of a protein 
band indicates almost nothing about its funct ion, i t provides a foundation 
and basic frame work upon which interpretat ions of changes in the pattern 
of protein synthesis resulting from gene regulation, d i f ferent ia t ion and many 
other dynamic processes can be explained (Dunn and Burghes, 1983 a, b). 
The qual i tat ive differences can be ensured by the electrophoresis but complete 
character izat ion of polypeptides can only be possible af ter the application 
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of specific antibody binding and/or amino acid sequencing studies. 
The variations in the ionic strength of buffers, pH and electric field 
etc., can alter protein mobilities during electrophoresis, therefore, the gradient 
slab gel electrophoresis was used so that the different parasite proteins are 
separated under the identical conditions. 
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LITERATURE REVIEW 
The biochemical approach to the identification of organisms found 
its way two decades ago when Sibley (1960) emphasized the application of 
electrophoresis as an analytical tool for solving the taxonomic problems. 
Since then a number of studies using electrophoresis of proteins have been 
carried out on a wide variety of vertebrates and invertebrates. 
According to Dessauer and Fox (1964), the electrophoresis showed greatest 
promise at the intra-specific and specific level in vertebrates. Among the 
invertebrates, insects (Sande and Karcher, 1960, Whittaker and West, 1962), 
sea cucumber (Manwell and Baker, 1963), snails (Wright and Ross, 1966), 
and plant parasitic nematodes (Evans, 1971) have been examined by electro-
phoresis. Polyacrylamide as a supporting medium for the electrophoretic 
separation of proteins has been widely used and several modifications in 
the technique have been proposed in recent years (see references in Hames and 
Rickwood, 1987). 
Among the trematode parasites, Schistosoma mansoni and S^ . japonicum 
have been used for their protein polymorphism using disc electrophoresis 
(Sodeman, 1967; Yoshimura, 1968). It was found that the saline extract of 
schistosome species produce characteristic species specific electrophoretic 
patterns which may serve as useful tools in the identification of these parasites 
(Yoshimura, 1968). Using the disc electrophoresis, Ruff et^ ai[. (1973) have 
also identified different strains of ^. japonicum on the basis of their geographical 
distribution. Various species of the genus Paragonimus have oeeri identified 
on the basis of their characteristic protein patterns, particularly. P_. westcrmani. 
P^. ohirai and P_. miyazaki. The morphological features of the adult worms 
of these species are difficult to differentiate because the taxonomic characteris-
tics are not well established (Yoshimura, 1969 a, b). The most striking species 
specific differences in the polypeptide profile as well as glycoprotein profile 
have been found in schistosomes (Aronstein 6c Strand, 1983). 
Among cestodes, the Diphyllobothrium group has been used to study 
their protein profile by isoelectric focussing which allows protein separation 
on the basis of their isoelectric points. Bylund and Djupsund (1977) have 
analysed the soluble proteins of this cestode to delimit various species. Similarly 
Kumartilake and Thompson (1979) obtained consistent variation in the protein 
profile of different strains of E. granulosus as well as generic differences 
in Taenia crassiceps, and Mesocestoides corti. Bursey et^  aL (1980) have 
also applied polyacrylamide gel electrophoresis for the separation of different 
species of Taenia. 
The electrophoretic studies carried out by Evans (1971) suggest that 
protein and enzyme patterns of nematode tissue extracts, have the potential 
to be used as stable taxonomic characters. Similar conclusions have been 
drawn by Dickson e^ aL, (1970) while using Meloidogynae species. More recently, 
using the isoelectric focussing, the soluble protein profile of seven strains 
of Trichinella spiralis isolates have been found to exhibit specific variations 
in their electrophoretic mobility and isoelectric points (Fukumoto ej^  al^ .. 1987). 
However, helminths in general, and amphistomes in particular, which 
infect a wide array of ruminants in the Indian sub-continent, have remained 
neglected as far as the biochemical approach to identification is concerned. 
Although paramphistomes have received considerable attention of taxonomists 
and a large portion of the literature is confined to morphological descriptions. 
As a result, much confusion has arisen from incosistencies in the use of 
no 
morphological and histological criteria to separate various species which simply 
look alike. Despite the comprehensive systematic studies (Fischoeder, 1901, 
1903; Stiles and Goldberger, 1910; Maplestone 1923; Stunkard, 1929; Fukui, 
1929; Nasmark, 1937; Yamaguti, 1958, 1971; Mukherjee and Chauhan. 1965: 
Gupta and Nakhasi, 1977; Sey, 1979; Eduardo, 1980) no single satisfactory 
scheme for classifying amphistomes has evolved. 
In a preliminary study, Alam and Nizami (1988) identified generic differen-
ces in the protein profile of the amphistomes G^ . explanatum. CJ. crumenifer 
and Pj epiclitum, and stressed that the biochemical taxonomy can be used 
for the identification of amphistomes. Therefore, in the present study a 
large number of helminths inhabiting same or different hosts and habitats 
as well as closely related genera, species and strains have been used and 
gradient polyacrylamide SDS-slab gel electrophoresis technique has been applied 
in order to find out the qualitative similarities and dissimilarities between 
the parasite proteins. 
ra 
MATERIALS AND METHODS 
To investigate the protein polymorphism in helminths, a number of 
species inhabiting same or different host and habitat were used. Among 
the trematodes, G^ explanatum and ¥j_ gigantica from the liver and G^ crumenifer, 
F. elongatus, O. scoliocoelium, P. epiclitum (pink and yellow varieties), C. 
calicophorum, C. cauliorchis were collected from buffalo rumen, whereas 
G. crumenifer and Sj;^  globipunctata were collected from the rumen and intestine 
of goat respectively. 
All the worms were processed separately for the extraction of proteins. 
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The worms were washed with saline premaintained at 37±2 C, and were homo-
genized in 0.1 M phosphate buffer, pH 7.4, containing 0.25 M sucrose, in a glass-
teflon tissue homogenizer with a motor driven pestle. The homogenate was centri-
fuged at 1000 x g for 10 min to remove debris and unbroken cells. The clear 
homogenate was treated with ammonium sulphate for extraction and partial purifi-
cation of total proteins. Following gradual addition of ammonium sulphate (65% 
w/v) to the homogenate, constant stirring was done and any change in the 
pH was checked so that pH remained between 7 and 7.4. At 65% ammonium sul-
phate concentration, majority of the proteins are precipitated. The precipitated 
proteins were centrifuged at 6000 x g and the pellet was suspended in 0.1 M 
Tris-HCl, pH 7.4, washed twice in the same buffer. Finally the pellet was 
air dried and subsequently the dried proteins were solubilized in sample buffer 
containing 2.0% sodium dodecyl sulphate (SDS), 5% /} -mercaptoelhanol. 10% 
aqueous bromophenol blue in 0.12 M Tris-HCl, pH 6.75 (Laemnili, 1970) and 
stored in liquid nitrogen for subsequent use. 
Protein concentrations of the samples were determined by the method 
of Bradford (1976) as modified by Spector (1978). 
r)2 
The electrophoresis of proteins in presence of SDS was essentially 
carried out as described by Laemmli (1970) with some minor modifications. 
The separating slab gels were prepared by a linear gradient of 7-15% poly-
acrylamide which was allowed to polymerize at room temperature for about 
45 min. Following polymerization it was overlaid with a stacking gel consisting 
of 4% polyacrylamide. Since the stacking gel shrinks on storage, it was 
always prepared fresh just before the start of electrophoresis. 
Preparation of solutions: 
A. Acrylamide 30 gm 
Bis-Acrylamide 0.8 gm 
Make up the final volume to 100 ml with double distilled water (DDW). 
B. Stacking gel buffer 
Tris 5.98 gm 
Temed 0.46 ml 
SDS 0.80 gm 
Dilute to 80 ml with DDW and adjust pH 6.7 with IN HCl. 
C. Separatii^ gel buffer 
Tris 36.00 gm 
Temed 0.23 ml 
SDS 0.80 gm 
Dilute to 80 ml DDW and adjust to pH 8.3 with IN HCl. 
D- Runnir^ buffer 
Tris 9.09 gm 
Glycine 43.20 gm 
SDS 3.00 gm 
Adjust to pH 8.3 with IN HCl and used 1:2 dilution with DDW. 
E. Ammonium per sulphate 
Always prepared fresh at 100 mg/ml double distilled water. 
The separating gradient 7 to 15 96 gel and 4% stacking gel were prepared 
by taking the appropriate volumes of acrylamide, buffer and distilled water 
as follows: 
1. 
2. 
3. 
4. 
Solution 
Acrylam: 
Buffer 
DDW 
APS (E) 
ide (A) 
For 7% gel 
4.67 ml 
3.10 ml (C) 
12.23 ml 
20 n\ 
For 15% gel 
10.00 ml 
3.10 ml (C) 
6.90 ml 
20 ^1 
For 4% gel 
2.00 ml 
2.00 ml (B) 
10.80 ml 
200 ^1 
Always freshly prepared ammonium sulphate was added in separating 
gel solutions and mixed thoroughly before pouting into the chambers of gradient 
gel maker. The gel solution was poured into the glass plates mould using 
1.5 mm thick spacers so that 1.5 mm thick slab gel of linear gradient of 
acrylamide (796-15%) is formed. Once the solution is pured, it was carefully 
overlaid with few drops of distilled water and left for polymerization at 
room temperature for 45 min. After the polymerization, distilled water was 
aspirated and then 4 96 stacking gel was prepared. 
Before carrying out electrophoresis all the protein samples in l.aemmli's 
0 
sample buffer were boiled for 5 mm in water bath, pre-maintainod nt 100 C. 
The gels were pre-run at 5 mA for 30 min after which the power was dis-
connected. The tank buffer was changed prior to the application of samples 
containing 80-100 /jgm protein of- each parasite on the stacking gel. The 
gel slab thickness was 1.5 mm, with 130 mm total gel length consisting of 
10 mm slacking gel and 120 mm gradient separating gel. The electrophoresis 
was initially carried out at 5 mA per slab untill the tracking dye entered 
the separating gel, and then the current was increased to 15 mA for 8-10 hours 
in a refrigerator to minimize the heating effect. The standard molecular 
weight markers were simultaneously run in one lane of the same gel slab. 
The low molecular weight standards, purchased from Sigma Chemical Co. 
(U.S.A.), contained the following highly purified proteins: lactalbumin (14.4 Kd), 
trypsin inhibitor (20.1 Kd), carbonic anhydrase (29 Kd), ovalbumin (43 Kd), 
bovine albumin (monomer) (66 Kd). The high molecular weight proteins included 
hexokinase (96 Kd) and -globulin (150 Kd). 
After electrophoresis, the side spacers were removed and the gel casting 
glass plates were pried apart to obtain the gel. The gels were fixed in methanol: 
acetic acid: water mixed in the ratio of 45:10:45, for 1 h at room temperature. 
The gels were then stained for 2 h in 0.25 percent coommassie brilliant blue 
R-250 (Sigma) prepared in the fixative. The overstained gels were initially 
destained in the same fixative without dye and finally destained in methanol: 
acetic acid: double distilled water (5:7:88) untill the background was clear 
and protein bands became distinct. The gels were photographed under trans-
illumination with a Canon AE-1 camera using ORWO, 125 ASA, black and 
white film. 
Densitometry: 
For the quantitation of protein bands, the individual lanes in the gel 
representing different parasite proteins were precisely cut with a fine razor 
blade and each lane was scanned on a Systronics densitometer (model 301) 
using green filter. 
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UPGMA system of classification: 
The data were subjected to UPGMA system of classification as described 
by Ferguson (1980) and finally the dendrograms were constructed according 
to the method of Sneath and Sokal (1962). 
RESULTS 
In order to find out the molecular heterogeneity in various species 
of helminths, their soluble proteins were subjected to SDS-gradient PAGE 
and the results reveal that the individual parasite proteins were separated 
into various fractions according to their electrophoretic mobilities as well 
as molecular weight. The meristic variations in the polypeptide profile of 
different parasites are shown in Fig. 2.1, 
It was found that the apparent molecular weight of different polypeptides 
of helminths ranged from 10 Kd to 200 Kd, but the majority of bands were 
observed between 29 Kd and 150 Kd (Fig. 2.1) when compared with the 
standard molecular weight markers. The molecular weight of parasite proteins 
was determined with the help of standard calibration graph (Fig. 2.2) showing 
the relative mobility of standard molecular weight markers. The high molecular 
weight protein bands above 200 Kd were inconspicuous and only a few bands 
were observed in G^ . crumenifer and F_. elongatus while in other trematodes 
such molecular weight proteins were not detected. 
Since the SDS-PAGE technique was rigorously standardised, the resolution 
of proteins was quite distinct. Even a cursory glance at the electropherograms 
of polypeptides and their densitometric scans (Fig. 2.3, 2.4 and 2.5) reveal 
that in each parasite specific polypeptides were present. The total number 
and parasite specific protein bands have been summarised in Table 2.1. A total 
of twenty seven and twenty one fractions of proteins were obtained in the 
liver trematodes G^ . explanatum and ¥_. gigantica respectively. In G^ . explanatum, 
40 Kd polypeptide and in ?_. gigantica, 16 and 18 Kd polypeptides were the 
characteristic proteins. However, a maximum of thirty protein bands with 
a specific 165 Kd polypeptide were recognised in G^ . crumenifer of buffalo 
FIG. 2.1 : Gradient SDS-polyacrylamide gel electrophoresis of 
proteins of various helminth parasites. 5: Standard 
Molecular Weight (Kd) marker proteins Ih 150 Kd. 
Different lanes representing the protein profile of: 
Paramphistomum epiclitum (yellow: PY; and pink; PP 
varieties), Fasciola gigantica (Fg), Gastrothylax 
crumenifer (Gxb), G_. crumenifer of goat origin (Gxg), 
Fischoederius elongatus (Fis), Gigantocotyle explanatum 
(Gg), Orthocoelium scoliocoelium (Os), Calicophoron 
calicophorum (Ca), £. cauliorchis (Cb) and Stilesia 
globipunctata (Sg). 
Arrow indicates the position of the 27 Kd polypeptide 
in rumen amphistomas. 
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FIG. 2.2: The calibration curve of the standard molecular \^ijht 
markers. a: -globulin, b: hexokinase, c: bovine 
albumin, d: ovalbumin, e: carbonic anhydrase, f: tryp-
sin inhibitor, g: lactalbumin. 
Table - 2 .1: Total number of protein bands and molecular weights of species 
specific polypeptides of some helminths. 
Parasites 
G. explanatum 
F. gigantica 
G, crumenifer 
G. crumenifer 
F. elongatus 
P. epiclitum 
(Pink) 
P. epiclitum 
(Yellow) 
0 . scoliocoelium 
C. calicophorum 
C. eauliorchis 
S. globipunctata 
» Host-FIabitat 
Buffalo-liver 
Buffalo-liver 
Buffalo-rumen 
Goat-rumen 
Buffalo-rumen 
Buffalo-rumen 
Buffalo-rumen 
Buffalo-rumen 
Buffalo-rumen 
Buffalo-rumen 
Goat-intestine 
Total Number 
of protein 
bands 
27 
21 
30 
24 
22 
22 
25 
19 
18 
23 
18 
Parasite 
specific 
polypeptide 
(i\f - Kd) 
40 
16, 18 
165 
85, 96 
80 
60 
24 
20 
29 
36 
> 200 
FIG. 2.3 : Electropherograms with corresponding densitometric 
scans of SDS-polyacrylamide gels stained with coomassie 
brilliant blue R-250 for general proteins of, a: Gigan-
tocotyle explanatum, b: Fasciola gigantica, c; Gastro-
thylax crumenifer, d: £. crumenifer (goat). Arrows 
indicate the direction of protein migration. 
Numbers on the scans represent the bands. 
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FIG. 2.4 ; Electropherograms with corresponding densitometric 
scans of SDS-polyacrylamide gels stained with coomassie 
brilliant blue R-250 for general proteins of, a: 
Fischoederius elongatus, b: Paramphistomum epiclitum 
(Pink variety), c; £. epiclitum (yellow variety), d: 
Orthocoelium scoliocoelium. 
Numbers on the scans represent the bands. 
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FIG. 2.5 : Electropherograms with corresponding densitometric 
scans of SDS-polyacrylamide gels stained with coomassie 
brilliant blue R~250 for general proteins of, a: Cali-
cophoron calicophorum, b: C_. cauliorchis, c: Stilesia 
globipunctata. 
Numbers on the scans represent the bands. 
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origin. Interestingly, differences were also observed in the polypeptide profile 
of G^ . crumenifer collected from goat in which two distinct protein bands, 
85 Kd and 96 Kd, were detected which were absent in G^ . crumenifer of 
buffalo origin. Another pouched amphistome JF. elongatus was found to possess 
a total of twenty two distinct protein bands, of which 80 Kd protein was 
specific for this trematode. The two varieties of P^. epiclitum used in this 
study also exhibit variation in the relative mobilities of their proteins, total 
number of bands and their molecular weights. The yellow variety of P_. epiclitum 
was found to contain 23 protein fractions with a characteristic 24 Kd protein 
while in pink variety only 22 fractions were separated and a 60 Kd band was 
found to be specific for this variety. In C^. calicophorum and C^ . cauliorchis 
18 and 23 protein bands were found with 29 Kd and 36 Kd specific proteins, 
respectively. Further a protein of 27 Kd was found to be more distinct 
and common in all the rumen trematodes (Fig. 2,1). On comparing the protein 
profile of trematodes with that of cestode S^ . globipunctata it was found 
that the total number of protein bands were less in cestode but the characteris-
tic identification bands were in high molecular weight range ( ^ 200 Kd). 
The data obtained from the relative mobilities of protein bands and 
their densitometric scans were subjected to the UPGMA system of classification 
using similarity coefficient for different protein profile for the construction 
of dendrograms. It can be seen from Fig. 2.6 that the over all amphistome 
group share about 28% similarity. However least similarity, about 12 to 
14%, was found when the whole amphistome group was compared with the 
liver fluke, F_. gigantica. It is evident from the dendrogram that the two 
varieties of P^. epiclitum from buffalo and (3. crumenifer from two different 
hosts (buffalo and goat) maintain independent identity with varying degree 
of similarities. However, the closely related species inhabiting the same 
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(A) Similarity matrix and (B) Dendrogram constructed 
from the results obtained in gradient 
SDS-polyacrylamid'^ gel electrophoresis of: 1: Giganto-
cotyle explanatum, 2: Fasciola gigantica, 3: Gastrothy-
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habitat exhibit greater degree of similarity as in case of rumen amphistomes. 
Whereas G^ . explanatum, infecting buffalo liver was found to share 36% similarity 
with the rest of the amphistomes of rumen. 
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DISCUSSION 
The results of the present study clearly reveal pronounced variations 
in the protein profile of different parasites under study. Analysis of dendrograms 
not only show an over all similarity among the different trematodes. but 
at the same time it also reflects their differences. 
The liver trematodes R gigantica and G^. explanatum which represent 
two different families, share only 28% similarity on the basis of their protein 
profile or in other words it can also be said that these parasites show 72% 
dissimilarity which reflect their taxonomic distance. However, the dissimilarity 
narrows down to 43% in the closely related genera, _G^. crumenifer and ¥_. 
elongatus which exhibit 57% similarity. This shows that habitat may not 
be the only factor which influences the polypeptide profile of these endoparasites 
but there must be some genetic factors which regulate the similarities and 
diversities in the closely related taxonomic groups. 
The pronounced generic differences in the protein profile of amphistomes 
have also been reported in a previous study (Alam and Nizami, 1988). where 
18, 14 and 12 protein bands were recognized for G^ . explanatum. G^ . crumenifer 
and JP. epiclitum, respectively, whereas, in the present study 27 and 30 protein 
bands have been observed in G^ . explanatum and G^ . crumenifer, respectively. 
Comparing these two studies the differences could be due to the use of different 
electrophoretic methods. Since the gradient SDS-polyacrylamide slab gel 
electrophoresis is more sensitive than the ordinary electrophoresis, more protein 
bands were resolved in the present study. 
The species specific polypeptides with characteristic elcctroptioretic 
mobility were also recognized in case of C. calicophorum and C^ . cauliorchis. 
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The dendrogram reveals 7496 similarity indicating their taxonomic proximity. 
Hov;ever, some distinct intra-species differences in the protein profile were 
also noticed, particularly in R epiclitum. The pink and yellow varieties of 
JP. epiclitum, though morphologically similar but differentiated on the basis 
of their body colour, which are often found as concurrent infection, reveal 
about 82% similarities. Such differences and similarities within the same 
species indicate the possibility of existence of strains in ?. epiclitum, which 
may either be of different geographical region or else the definitive host 
might have harboured the infection from different snail species. Various 
factors like the inter-state migration of buffaloes, lack of any quarantine 
measures and unrestricted grazing may contribute in the development of strains 
as pointed out by Firasat and Nizami (1989). However, further studies are 
required to ensure these assumptions. 
Similarly Osikovski, et_ aL (1978) separated three species of the genus 
Paramphistomum, R microbothrium, P_. cervi and P^. microbothrioides on the 
basis of their protein profile and suggested that protein electrophoresis can 
serve as a most powerful tool for biochemical taxonomy. Further Yoshimura 
et al. (1970) and Klimenko and Velichko (1972) also used protein profile to 
correctly identify the morphologically similar parasite species and also to 
synonymize several controversial species with weak taxonomic descriptions. 
Most interesting intra-specific variation was noticed in the case of 
pouched amphistome, G^ . crumenifer collected from the rumen of two different 
p 
hosts (buffalo and goat). Besides variation in the M of their characteristic 
polypeptides, differences were also found m the total number and mobility 
of the protein bands, while showing only 66% similarity as revealed from 
the dendrograms. The results of the present study as well as the differences 
in the isozyme profile of malate and lactate dehydrogenase of G. crumenifer 
r.8 
isolated from buffalo and goat (Dhandayuthapani et^  aL, 1983) indicate that 
such variations may be due to the fact that G^ . crumenifer collected from 
buffalo and goat represent two different strains, however, the host physiology 
may also exert its influence on the parasite metabolism leading to their bio-
chemical adaptations and variations. 
Though the total number of protein bands in S^ . globipunctata were 
less than the trematodes under study, the polypeptides of the higher molecular 
weight were more pronounced. It is possible that the absence of alimentary 
canal and the process of strobilization in cestodes may lead to the differences 
in their protein polymorphism as compared to trematodes. 
It may be possible that the asexual reproduction and enormous fecundity, 
and niche seggregation of helminths might have led to the variation in protein 
profiles which ultimately reflect variation in their genetic constitution. 
Kumartilake and Thompson (1979) have also suggested that the genetic constitu-
tion of parasites is reflected in their characteristic protein profiles. Further, 
according to Ferguson (1980) the genetic composition of a population will 
change gradually over the generations due to mutation, over production of 
offsprings and natural selection and only those genes are selected which are 
best adapted to the conditions of the macro- or micro-habitats. 
The species or strain specific polypeptides not only represent the bio-
chemical variation among the different parasites, they may also contribute 
to the possible existence of antigenic variations because Simpson (1986) pointed 
out that the heterogeneity in the polypeptides may be of considerable importance 
for the diagnostic and protective measures. 
It has been pointed out that the biochemical unity must receive as 
much attention as biochemical diversity because the undue importance of 
r.n 
any one will give a distorted picture. In tlie present study, the presence 
of a polypeptide of 27 Kd, found to be common in all the rumen amphistomes 
which could be of great importance in the immunodiagnostic and prophylactic 
measures. The extensive cross reactivity among the helminths has also been 
reported by Hanna and Hillyer (1984), and Hanna e\_ aj_. (1984) which may 
be a consequence of a common polypeptide which might be acting as common 
antigenic component in these parasites. 
Thus it can be concluded that the parasite proteins are not only quantita-
tively different as revealed in the first chapter, but they also show some 
qualitative differences. On the basis of earlier reports (Yoshimura, 1968, 
1969; Ruff et^  al_., 1973; Bylund and Djupsund, 1977; Osikovski e^ a|., 1978; 
Kumartilake and Thompson, 1979; and Fukumoto et_ ah, 1987) as well as the 
results of the present investigation, it can be suggested that protein polymorphism 
can be used as a valid parameter for generic, specific and intra-specific 
characterization of helminth parasites. In addition to genetic factors, the 
biochemical and physiological similarities and differences among the parasites 
might exist as a result of host specificity and niche seggregation which provide 
an opportunity to understand the physiological adaptations and biochemical 
evolution. 
C H A P T E R - ni 
ANTIGENIC ANALYSIS 
INTRODUCTION 
Ihe basic aim of any study related to parasitological problems is to 
contribute directly or indirectly towards the control of infections. However, 
before any study is undertaken, the parasite species or strains must be correctly 
identified with the help of some stable and taxonomically sound chaiacters . 
Only after the correct identification of the parasite species further studies 
on the physiological, biochemical and immunological aspects can be persued. 
Various species of amphistomes infecting the domestic ruminants have 
been reported and most of the available l i terature is confined to taxonomic 
and histomorphological descriptions (Stiles and Goldberger, 1910; Nasmark, 
1937; Thapar, 1956; iMukherjee and Chauhan, 1965; Gupta and Nakhasi, 1977: 
Sey, 1979; Dutt, 1980; Mehra, 1980; Eduardo, 1980, 1982, 1983, 1985). Despite 
these comprehensive systematic studies, no single satisfactory system foi 
classifying amphistomes has evolved. Consequently many authors have described 
new species on the basis of one particular system which have subsequently 
been redescribed as separate species or even separate genera by reference 
to one of the other systems leading to utter contusions. In spite of the 
recent revisions of this group by Eduardo ((1980, 1982, 1983, 1985), who largely 
adopted the system proposed by Yamaguti (1971), there is still need for a 
simple method whereby specimens may be quickly and reliably identified. 
Clearly the ultrastrustural approach presented by Eduardo (1980) is of limited 
value due to limited facilities available for workers in the developing countries 
where most of the amphistomes are endemic. 
Studies on the protein content and protein profile of amphistomes in 
the preceding chapters suggest that biochemical approach to specific identifica-
tion of these parasites can be conveniently employed. Ihe inferences from 
{ A 
these studies also highlight the possible existence of antigenic variabilities 
and similarities in different parasites that could be exploited for immuno-
diagnostic and immunoprophylactic measures by applying various immunological 
tools. Recently, immunological studies to elucidate the relationship between 
different parasite species, provide meaningful results due to the presence 
of specific antigenic determinants (Clegg and Smith, 1978; Sinclair, 1970; 
Mitchell and Anders, 1981). 
The identification, isolation, purification and characterization of parasite 
antigens are required for vacination, immupodiagnosis, analysis of immuno-
pathology and for the quantitation of various immune responses in the infected, 
vaccinated or naturally resistant hosts. Antibodies to defined antigens are 
required as parasite typing reagents, and also for the analysis of antigenic 
variability in parasite populations. It has been pointed out that without defined 
antigens or defined antibodies, little progress can be made in the dissection 
of the immunological aspects of the host-parasite relationship. 
Antigens have been broadly classified as 'natural antigens' and 'novel 
antigens' (Anders et^  at_., 1982). Natural antigens are those which induce 
readily detected immune responses under circumstances of natural infection 
or vaccination of natural hosts, whereas novel antigens are those which induce 
immune response in unnatural or non-permissive host. Analysis of novel antigens 
provide information regarding the gross picture of antigen-antibody reaction. 
Though the use of total tissue extracts for antigen analysis is of limited 
value for the studies related to vaccine development but it will provide an 
overall view of the antigenic heterogeneity or antigenic polymorphism which 
may help to identify the various parasite species and also to establish the 
intricate host-parasite relationship. 
Once the species specific antigens are characterized, they could be 
used for further studies on immunodiagnosis. The rationale behind immuno-
diagnosis is the great potential of the technique particularly, in those helminthic 
diseases where the presence of parasite is difficult to demonstrate by other 
routine clinical investigations, for example, the presence of hydatid cysts, 
cysticercosis, visceral larva migrans and other helminths which have seasonal 
reproductive cycle as reported from some rumen amphistomes. 
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LITERATURE REVIEW 
In 1901 Nuttal wrote "'1 he assumption seems justified that we may, 
tor instance, be able at some future date to determine chemical differences 
in the blood of various races of man. We no longer need to rely solely on 
morphological characters for the differentiation of species". With the passage 
of time and the development of modern techniques have made serology as 
one of the most important tools in taxonomy (Wright, 1966). 
Oudin's (1952) method of single diffusion became obsolete with the 
development of double immunodiffusion (DID) of Ouchterlony (1967) and Immuno-
electrophoresis (lEP) (Ouchterlony and Nilssen, 1973) which are of considerable 
potential in tackling the sero-taxonomic problems. With the use of DID and 
lEP with antisera from infected or hyper immunized animals, established 
the extensive cross-reactivity in parasite antigen systems between different 
parasites, different life cycle stages of individual parasites, and between 
parasites and their hosts (Biguet e^ aL, 1962a,b;Carpron £^ £1., 1968; Williams 
and Soulsby, 1970; HiUyer and del Llano de Diaz, 1976). The presence of 
complex antigens and antigenic mixtures in various parasites have been compre-
hensively reviewed by Clegg and Smith (1978), and Mitchell and Anders (1981). 
According to Hay (1962), the nature and pattern of precipitating antigen -
antibody complexes in the form of arcs would enable to distinguish between 
a family, or sub-family, different genera or species to which the antigenic 
components belong. However, the identification of different species within 
a genus could only be possible after cross absorption of antiserum. 
After extensive cross-absorption studies, Afchain je^ ^ . (1979) reported 
that immunoelectrophoretic analysis of antigens of Trypanosoma cruzi represent 
. 4 
its important antigenic structure with functional, taxonomic and phylogenetic 
significance. On \he basis of antigenic analysis, different strains of T. cruzi 
have been recognized among the culture forms (Nussenzweig and Goble, 1966; 
Gonzalez-Cappa and Kagan, 1969). Several strains of Entamoeba histolytica 
have also been recognized by immunoelectrophoretic analysis ((Krupp, 1966). 
Using the agar gel diffusion, Marucci and Mueller (1972) have reported 
complex immunoprecipitate patterns of the different geographical strains 
of Spirometra mansonoides. The antigenic analysis of developmental stages 
of Ascaris suum revealed genus-specific precipitin arcs (Williams and Soulsby, 
1970). Extensive cross-reactions of Angiostrongylus cantonensis antigens with 
those of A_. suum, Toxocara canis and Metastrongylus apri have been recently 
reported by Kum and Ko (1985). Several other reports are also available 
on the cross-reactions among various helminths (Biagi and Tay, 1958; Biagi 
ei_ aL, 1961; Gemmell, 1964; Capron et_ aL, 1968; Leid and Williams, 1975; 
Ridzewski et_ ^ . , 1975). According to Parfitt and Sinclair (1967), the extensive 
antigenic cross-reactivity in some cases is strong enough to cause cross-
immunity. 
Kravtsov (1967) used serology to ascertain the systematic position of 
some diphyllobothrid tapeworms and found families and species specific antigens 
as well as some common antigens to all the tapeworms studied. The antigenic 
diversification within T^ . solium as established by using numerical taxonomy 
(Sneath and Sokal, 1962) could be important for diagnosis and prevention 
of disease as suggested by Yakoleff-Greenhouse ei^ aL (1982). However, anti-
bodies against defined antigens are required for the analysis of antigenic 
variability in parasite populations (Anders et^ ^ . , 1982). The 'arc 5' which 
was considered to be Echinococcus specific, was found to cross-react with 
E. multilocularis (Varela-Diaz ej^  al^ ., 1977; Yarzabal e^ ah, 1977), ji. vogeli 
(Varela-Diaz £t_ al_., 1978), Taenia hydatigena (Varela-Diaz e^ aL, 1977), Taenia 
ovis (Young and Heath, 1979). The purified antigen '5' used in the enzyme-
linked immunosorbent assay (ELISA) was found to help in distinguishing between 
E^. granulosus and E. multilocularis (Farag e^ ^ . , 1975). This shows that 
different immunological techniques have different degree of sensitivity particular-
ly in the identification of antigens. 
Among the trematodes. Schistosoma and Fasciola have been most 
commonly used for various immunological investigations. The extracts of 
adult F_. hepatica were found to contain antigens reactive with antisera prepared 
against ^. mansoni (Hillyer ej_ aL, 1979). According to Hanna and Hillyer 
(1984), the sera from natural human infections, like those produced in rabbits 
against S^ . mansoni and _P. westermani whole adult extracts, cross reacted 
with F^ . hepatica juvenile tegument antigens, possibly indicating the existence 
of a common antigenic determinant of simple molecular configuration. These 
authors (loc. cit.) have further suggested that schistosome cercariae, adult 
and eggs contain antigenic determinants in common with F. hepatica T1 antigen 
in juvenile tegument. In another study, Hanna e\_ ^ . (1984) treated the sections 
of three amphistome parasites of buffaloe with anti - F^ . hepatica T1 monoclonal 
antibodies and demonstrated the presence of T1 antigen in the tegument 
and internal structures of amphistomes by using the indirect fluorescent antibody 
technique. It was concluded by these investigators that T1 antigen may be 
an important source of cross-reactivity in helminths. Hafeez and Rao (1983), 
and Avasthi et^ aL (1986), also reported the presence of common antigens 
or cross-reacting antigens within amphistomes. 
Therefore, in the present study a preliminary attempt has been made 
to investigate the antigenic similarities and dissimilarities among the closely 
( () 
related amphistomes parasitizing water buffalo, by using double immunodiffusion 
technique and the data were subjected to numerical analysis. Further, to 
investigate the total antigenic components of these amphistomes, immuno-
electrophoresis was performed using homologous antisera collected at different 
time intervals. In addition to this minor differences were further analysed 
by monitoring the antibody titre with ELISA technique. 
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MATERIALS AND METHODS 
Fresh mature flukes of G^ . explanatum, G. crumenifer, Y_- elongatus, 
a scoliocoelium, P^ . epiclitum (pink and yellow varieties), C. calicophorum 
and C. cauliorchis were collected and processed as described earlier. Thoroughly 
washed parasite material was used for the preparation of respective antigens. 
Extra care was taken to collect the v;orms from one population and from 
the same host to avoid any interspecific variations due to host contributory 
factors. 
Antigen preparation: 
Freshly collected worms were separately homogenized (20% w/v) in 
sterilized 0.067 M PBS, pH 7.4, containing 0.14 M NaCl, using glass teflon 
tissue grinder fitted with a motor driven pestle. Tissue debris was removed 
by centrifugation at 3000 x g. The supernatant fractions were saved to be 
used as a source of antigen. Each homogenate was mixed with 0.2 96 of aqueous 
sodium azide in final concentration to prevent the microbial growth. Protein 
was estimated by the method of Bradford (1976) as j f ^ f ^ ^ b t / f i / ^ c t o r (1978) 
and a final concentration was adjusted to 6 mg/ml/' r , \ 
•' " * / AccNr. >__n 
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Collection of antisera: 
The laboratory bred rabbits, weighing appro^tQaf^ J'*!^ '^  Kg, maintained 
under controlled conditions were used, to raise the hyperimmune sera against 
each species of amphistomes under study. 
Three doses of each antigen were injected in a separate rabbit at 
three week intervals. The first injection consisted of 6 mg protein/ml of 
antigen emulsified with an equal volume of Freund's complete adjuvant (Difco) 
with two subsequent boosters containing 2 mg protein, at 3 week intervals. 
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The pre-immunized serum was collected from the marginal ear vein and used 
as a control. Each antigen was injected intra-muscularly in the sub-scapular 
regions. The rabbits were bled one week following the final booster (i.e. 
end of 6th week), then at the end of 8th and 10th week. The blood was 
collected in sterile universals and kept at room temperature for two hours, 
following which serum was collected and centrifuged at 3000 x g in an lEC 
refrigerated high speed centrifuge. Clear serum aliquots were stored in 
0 
Eppendorfs at - 20 C with 0.2 96 sodium azide as preservative. 
Double Immunodiffusion (DID): 
Analysis of antigens was performed according to the method of 
Ouchterlony (1958) with some modifications, using 0.8596 agarose in 0.02 M 
phosphate buffered saline (PBS) pH 7.4, containing 0.2% sodium azide. The 
gels were prepared in glass petridishes of 2.5" diameter with six well pattern. 
The 10th week post-inoculated antisera were placed in the central well 
while homologous antigens were kept in two diametrically opposite peripheral 
wells. The remaining four peripheral wells were loaded with different 
amphistome antigens. A number of replicates of each test were carried 
out to overcome any experimental anomaly. After loading the antigen and 
antisera, the petridishes were covered and kept in moist chamber to allow 
to develop precipitin bands for 48-72 hours at room temperature, followed 
by washing with PBS for another 24 hours prior to staining with 0.2% Coomassie 
Brilliant Blue prepared in 1% (v/v) aqueous acetic acid and 1096 (v/v) methanol. 
A similar mixture of methanol and acetic acid was used to remove the excess 
stain. All the gels were photographed under transillumination of fluorescent 
light using ORWO, ASA-125 film by Canon AE-1 camera, and simultaneously 
line diagrams were also prepared for all the precipitation patterns which 
were used for the cluster analysis and preparation of phenogram. 
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The coefficient of the antigenic similarity was calculated between 
the different isolates of amphistomes. The following Jaccard's similarity 
coefficient (S.) was used as described by Sneath and Sokal, (1973). 
„ _ No. of positive matches 
j ~ No. of positive matches+ 
No. of mismatches 
After the calculation of coefficients of similarity, a correlation matrix was 
prepared and the data has been presented in the form of a phenogram showing 
percent similarity in different isolates. 
Immunoelectrophoresis (lEP): 
To investigate the total antigenic components of each amphistome, 
immunoelectrophoresis was performed according to the method of Grabar 
and Burtin (1964) with some minor modifications. Agarose (0.85%) was prepared 
in 0.04 M barbitone buffer, pH 8.2 and gel was prepared on 3 x 4 inch glass 
plates. Four wells and three troughs were punched in each gel plate and 
prior to loading the antigen, gel was removed from the wells which were 
sealed with a small amount of molten agar to prevent any Ieal<age. A small 
amount of aqueous bromophenol blue dye (0.05%) was mixed with the antigen 
and all the four wells in a gel plate were loaded with the same antigen and 
subjected to electrophoresis using 0.04 M barbitone as tank buffer, pH 7.4, 
and employing 8 mA current per gel plate until the tracking dye reaches 
about 1 cm before the end of the gel plate. Following electrophoresis, gel 
was removed from the punched troughs and sealing was carried out as described 
earlier. Each trough was filled with 6th, 8th and 10th week homologous 
antisera. It was allowed to diffuse in a moist chamber for 48-72 hours. 
After the precipitin arcs were developed, the gels were washed in several 
changes of PBS over a period of 24 hours. 
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The gel plates were photographed unstained under diffused light with 
a dark background as described for DID. 
Enzyme-linked Immunosorbent Assay (ELISA); 
ELISA was performed using the antigens prepared from P_. epiclitum 
(pink and yellow varieties) and C^ . calicophorum and C^ . cauliorchis and their 
corresponding antisera to find out the intra-specific and inter-specific variations. 
Technique of Voller et^ aL (1976) with slight modifiction was used for the 
detection of antibody titre against the closely related species or "strains". 
The antigens were diluted with coating buffer (0.05 M bicarbonate, 
pH 9.6) to about 15 >ug/0.1 ml, and added to the wells of the microtitre 
0 
plate which was then incubated at 4 C for 16 hours. The wells were washed 
three times with phosphate buffered saline-Tween-20 (PBS-T, 136 mM), pH 7.4. 
The unoccupied sites were saturated with fetal calf serum (1% v/v in PBS-T) 
0 
by incubation at 37 C for 1 hour. After washing the plate with PBS-T, 0.1 ml 
0 
of serum was added and the plate was incubated at 37 C for one hour. 
The 0.1 ml of rabbit IgG conjugated with alkaline phosphatase (Sigma Chemical 
Co., U.S.A.) was added. After washing the excess antibody, the plate was 
0 
again incubated at 37 C for 2 hours and then the plate was emptied and 
washed. 0.10 ml of substrate (p-nitrophenyl phosphate 5 x 10 M in diethanol-
-3 ++ 
amine buffer, pH 9.8 containing 1.5 x 10 M iWg ) was pipetted into each 
0 
well. The plate was incubated again at 37 C for one hour and the reaction 
was stopped by the addition of 0.05 ml of 3N NaOH. The contents of each 
well were read at 400 nm in a Micro-ELISA Plate Reader Model MR-600 
(Dynatech, USA). 
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RESULTS 
The results obtained from the double immunodiffusion study revealed 
that all the antigen extracts exhibited some degree of similarities and 
differences in the immunoprecipitate patterns showing the complex antigenic 
mosaic in amphistomes. There was hardly any combination which did not 
react at all except in few instances where one or two specific precipitin 
arcs did not show any cross-reactivity (Plates - 3,1, 3.2, Figs. 3.1, 3.2). 
Individual variations in the total number of precipitin bands were noticed 
when the homologous antigen-antibody reactions were analysed. A maximum 
of four precipitin arcs were recorded in G^ . explanatum, JF. elongatus and 
C. calicophorum whereas three arcs were present in P_. epiclitum (yellow 
variety) and C^ . cauliorchis. In G^ . crumenifer, O^ . scoliocoelium and P_. epiclitum 
(pink variety) only two bands for each parasite were recorded (Table - 3.1). 
The analysis of heterologous reactions in DID revealed extensive cross-
reactions among the various antigens of different amphistome species showing 
some similarities and differences in the precipitation patterns. When antigens 
of the rumen amphistomes were tested against the G^ . explanatum antiserum, 
the reactions of partial or non-identity were quite strong. However, the 
reaction of complete identities were more pronounced among the antigens 
of rumen amphistomes when tested against any of the rumen amphistome 
antisera (Plates - 3.1, 3.2 and Figs. 3.1, 3.2). In some instances one or two 
arcs were noticed which maintain independent position and did not show any 
correlation with the neighbouring. antigens (Figs. 3.1c, e, f, h; 3.2a, b, h). 
Such arcs may be of diagnostic significance. 
Similarity matrix and phenogram were constructed from the data obtained 
PLATE -3.1 
Double immunodiffusion of different amphistome antigens and antisera. 
A seven wells pattern with six peripheral wells (1 - 6) for antigens 
and a central well (As) for hyperimmune antisera. Small circle 
between well number 6 and 1 serve as a marker for orientation in all 
the gel micrograph. Homologous antigens were always placed in 
dimetrically opposite well number 3 and 6 whereas other wells were 
filled with heterologous antigens. Well 5 in figures a, c, e and g 
only, used for control. 
Immunoprecipitate patterns of homologous and heterologous reactions 
using the antisera of: Gigantocotyle explanatum (a, b), Gastrothylax 
crumenifer (c, d), Fischoederius elongatus (e, f) and Orthocoelium 
scoliocoelium (g, h). Note extensive cross reactions among different 
antigens. 
?.2 
PLATE -3.2 
Immunoprecipitate patterns in double immunodiffusion using the sera 
raised against Paramphistomum epiclitum (a, b: pink variety), £. 
epiclitum (c, d: yellow variety), Calicopboron calicopborum (e, f) 
and £. cauliorcbis (g, b). Note tbe pronounced reaction of identity 
among these rumen amphistomes. 
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Plate - 3.1, Fig. 3.1 : a-h, showing double immunodiffusion results. 
Antisera raised against G^.explanatum (Ge : a,b), £. crumenifer (Gx:c,d), 
F_. elongatus (Fe:e,f) and £. scoliocoelium (Os:g,h). Homologous and also 
the heterologous antigens of P_. epiclitum (Pink: "PP" and Yellow: " PY " 
varieties), £. calicophorum (Ca) and C. cauliorchis (Cb) were used. 
W^ll No. 
Plate-3.1, Fig. 3.1a : 3,6 
1 
2 
4 
3.1c : 3,6 Gx 3.Id 
intigen 
Ge 
Gx 
Fe 
Os 
3.1b 
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4 
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FIG. 3.1 : Diagramatic representation of the figures in plate - 3.1 
showing distinct precipitin arcs following immunodiffusion. 
Plate - 3.2, Fig. 3.2 : a - h, showing douDle immunodiffusion resulii. 
Antisera raised against _P. epielitum ("PP" : a.b); P. epiclitum ("PY":c.c): 
2: calicophorum (Ca : e.f) and C. cauliorchis (Cb : g.h) were used. 
Plate 3.2, Fig. 3.2a : 3,6 PP 3.2b 
WeU No. 
1 
2 
4 
Antigen 
Fe 
Gx 
Ge 
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FIG. 3.2 : Diagramatic representation of the figures in Plate - 3 2 
showing distinct precipitin arcs following immunodiffusion. 
by double immunodiffusion showing cross-reactions between different antigens 
and antisera. The results of the numerical analysis have been presented 
in Fig. 3.3. The parasites under study exhibit 28% overall antigenic similarity. 
A horizontal line drawn at a similarity value of 82% creates four groups. 
The first group included liver amphistome, G^ . explanatum, the second and 
third group included pouched amphistomes G^ . crumenifer and F^ . elongatus, 
which maintain their independent identity. The fourth major group comprised 
of O^ . scoliocoelium, P. epiclitum (pink and yellow varieties), C^ . calicophorum 
and C. cauliorchis. The reaction of identity between different antigenic 
components indicated the existence of common antigens being shared by these 
amphistomes, however, rumen amphistomes showed greater degree of similarity 
in their antigenic moieties. However, the degree of similarity was reduced 
when rumen and liver amphistomes were compared. 
Using the hyperimmune sera of amphistomes only a maximum of 2 
to 4 precipitin bands were detected (Table - 3.1) which indicate the poor 
resolution of the immunodiffusion technique as crude antigen preparations 
were used to raise the antibody response. Therefore, in order to investigate 
further the maximum number of antigenic components of the parasites under 
study were tested by using a more sensitive technique of Immunoelectrophoresis 
was used. Following electrophoresis, antigen were tested against the homologous 
hyperimmune sera collected at different time intervals. The results have 
been presented in Table - 3.2, Plates - 3.3, 3.4, and Figs, 3.4, 3.5. 
The lEP results revealed intra-specific variation of antigens depending 
upon the time taken to evoke the antibody response. Maximum number of 
precipitin arcs were recorded when the sera collected at the 8th week of 
post inoculation were used as compared to the sera of 6th or 10th week 
of post inoculation, thus each of the parasite extract was found to consist 
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FIG. 3.3 : ia) Similarity matrix and the (b) phenogram was 
constructed from the data obtained in double 
immunodiffusion. A tiorizontal line drawn at a 
similarity value of 82% created four groups. The 
first three groups include Gigantocotyle 
explanatum, Castrothylax crumenifer and 
Fischoederius elongatus which retain independent 
identity. The fourth group included rumen 
amphistomes P. epiclitum (Pink and Yellow 
varieties), Calicophoron calicophorum, C. 
cauliorchis and Orthocoelium scoliocoelium. 
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Table - 3.1 : The number of precipitin arcs in double immuno-diffusion between 
the £uitigens of different amphistomes and their homologous 
antisera collected by 10 week. 
Antigen Source Number of precipitin arcs 
Gigantocotyle explanatum 
Gastrothylax crumenifer 
Fischoederius elongatus 
Orthocoelium scoliocoelium 
Paramphistomum epiclitum (Pink) 
Paramphistomum epiclitum (Yellow) 
Calicophoron calicophorum 
Calicophoron cauliorchis 
4 
2 
4 
2 
2 
3 
4 
3 
r. J 
Table - 3.2 : The number of precipitin arcs obtained on immuno-electrophoresis 
of antigens of different amphistomes. 
Antigen Source Antisera Collection Time 
6 week 
6 
2 
4 
7 
4 
5 
5 
5 
8 week 
9 
4 
9 
8 
8 
7 
10 
7 
10 week 
7 
3 
4 
6 
6 
7 
7 
5 
Gigantocotyle explanatum 
Gastrothylax crumenifer 
Fischoederius elongatus 
Qrthocoelium scoliocoelium 
Paramphistomum epiclitum (Pink) 
Paramphistomum epiclitum (Yellow) 
Calicophoron calicophorum 
Calicophoron cauliorchis 
* The homologous antigen and antisera were used to demonstrate the immuno-
precipitation. 
PLATE -3.3 
Immunoelectrophoretic patterns of homologous antigen antibody 
reactions using the 6th week (A), 8th week (B) and 10th week (C) 
antisera placed in the troughs. Note one of the strong anodal 
precipitin arc (arrow head) (Arc 'A'). 
Fig. 1 : Gigantocotyle explanatum 
Fig. 2 : Gastrothylax crumenifer 
Fig. 3 : Fischoederlus elongatus 
Fig. 4 ; Orthocoelium scoliocoelium 
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PLATE - 3.4 
Immunoelectrophoretic patterns of homologous antigen antibody 
reactions using the 6th week (A). 8th week (B) and 10th week (C) 
antisera placed in the trough. Note one of the strong anodal 
precipitin arc (arrow head) (Arc 'A'). 
Fig. 1 : Paramphistomum epiclitum (pink variety) 
Fig. 2 : £. epiclitum (yellow variety) 
Fig. 3 : Calicophoron calicophorum 
Fig. 4 .• C_. cauliorchis 
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of multiple antigenic fractions. The characteristic patterns of precipitin 
arcs were found to be species sepcific. One of the anodal antigen fraction 
exhibited strong precipitation reaction in all the parasites, indicating the presence 
of a strong common antigen in amphistomes. Further, lEP revealed pronounced 
differences in the antigenic components of C^ . calicophorum and C^ . cauliorchis 
besides showing variations in the pinl< and yellow varieties of P_. epiclitum. 
However, these amphistomes were placed in a single group on the basis of 
their antigenic similarity as revealed by numerical analysis (Fig. 3.3). 
The heterogeneity in the immunoelectrophoretic patterns of the above 
four rumen amphistomes also indicate the differences in the antibody response 
as revealed by the antisera collected at different time intervals. Therefore, 
in order to find out the antibody titre reflecting the antigenic potential of 
these parasites, ELISA was performed. The results illustrated in Figs, 3.6 
and 3.7, revealed pronounced differences in the antibody response at lower 
dilutions. The two varieties of R epiclitum (pini< and yellow) as well as C^ . 
calicophorum and C_. cauliorchis exhibited significant differences in the antibody 
titre which also indicate the differences in the antigenic potential of these 
closely related forms. However, with the progressive increase in the serum 
dilutions, differences in the antibody titre were reduced. 
Therefore, it is evident that the amphistomes under study not only 
contain the heterogenous molecules with potential antigenic properties, but 
these antigens also produced differential antibody response, ultimately showing 
the antigenic diversity within the amphistome group. 
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FIG. 3.6 : ELI5A profile of the antisera raised against 
Paramphistomum epiclitum antigen. 0 0: _P. epicliturn 
(Pink variety), x x: P. epicliturn (Yellow variety) and 
C3, CU are the respective controls run by using pre-
immunized sera. 
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FIG. 3.7 : ELISA profile of the antisera raised against Calico.' 
phoron calicophorum (o o), £. cauliorchis ( ) , CI, 
C2 are the controls run by using pre-immunized sera. 
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DISCUSSION 
It is evident from the present results that the extensive cross-reactions 
among the eight different amphistomes inhabiting buffalo liver and rumen, 
reflect the presence of common antigenic epitopes being shared by these 
closely related trematodes. The numerical analysis of the immunodiffusion 
results further substantiate the hypothesis that the parasites living in the 
same habitat reduce antigenic disparity, however, individual variations may 
still be present. Such variations could be. of paramount importance in the 
immunodiagnostic and sero-taxonomic studies. 
The complex cross reactions between different isolates mal<e the specific 
diagnosis very difficult but at times cross-reactions between different species 
are strong enough t'; cause cross-immunity (Cox, 1952; Louch, 1962; Parfitt 
and Sinclair, 1967). Using the immunodiffusion method, Hafeez and Rao (1983) 
also reported cross-reaction due to the presence of common antigenic component 
among three amphistome species of ruminants, P_. epiclitum, G^. crumenifer 
and C^ . cauliorchis. In order to find out the cross-reactivity among different 
parasites, Hanna et^ aL (1984) treated the sections of three amphistomes of 
buffaloes with anti - R hepatica T1 monoclonal antibodies tagged with 
flourescein dye and demonstrated the presence of T1 antigen in the tegument 
and internal structures of amphistomes. These authors further concluded 
that T1 antigen may be an important source of cross-reactivity in trematodes. 
The cross-protective significance of common antigens present in F. hepatica 
and ^. mansoni has been suggested by different workers (Christensen et al., 
1978; Hillyer, 1981; Hanna and Hillyer, 1984). In another study, Flisser £t al^ , 
(1982) have also recorded large number of cross-reactions among the phylo-
genetically related parasites. Though the serological approach to identify 
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various closely related parasites become worth while but the complex cross-
reactions between different isolates make the specific diagnosis very difficult 
unless exhaustive cross-absorption studies are carried out. 
The total parasite tissue or total tissue homogenates should be screened 
first for the presence of antigenic response or total antigenic fractions before 
any cellular or sub-cellular fractionations are done. Because the antigenic 
components are not only restricted to the surface membranes or secretory 
bodies as Rupel et^ aL (1987) reported that antigen with a diagnostic potential 
can also arise from the parasite gut. However, further studies are required 
to characterize the source of antigens in the amphistomes by using more 
sophisticated immunological and molecular probes. 
Both similarities and differences in various species of amphistomes 
at antigenic level as revealed by dendrograms further indicate that the 
amphistomes share an over all 2896 similarity. The inter-species or strain 
related differences due to cross-reactivity were not resolved by DID. The 
liver amphistome, G^ . explanatum and the pouched amphistomes G^ . crumenifer 
and F_. elongatus retain their separate antigenic identities whereas intra-
specific antigenic variations were masl<ed with other rumen amphistomes, 
jP. epiclitum (pink and yellow varieties) as well as C^ . calicophorum and C^ . 
cauliorchis. But at the same time these parasites maintain their individual 
variations as far as total number of precipitin bands in the homologous reactions 
are concerned (Table - 3.1). These studies also indicate that habitat may 
exert its influence on the antigenic entities of the parasites because of the 
physiological interplay between the host and parasite to establish the optimum 
relationship. Further, it has been pointed out that antigenic heterogeneity 
may be responsible for the establishment of the intricacies of host-parasite 
nn 
relationships, but wi th t ime parasites reduce their antigenic disparity wi th 
host (Dineen, 1963). The successful host-parasite relationships are developed 
through a long history of selection acting on similar antigenic determinants 
(Damian, 1964). 
In the immunodiffusion studies, the rumen amphistomes show greater 
degree of s imi lar i ty in their antigenic components. Since the resolution of 
DID is l im i ted , only a maximum of 2 to 4 precipi t in bands were detected 
wi th homologous hyperimmune antisera. Therefore, the antigen isolates were 
also subjected to Immunoelectrophoresis to ident i fy the maximum number 
of fract ions, and also the antibody response in the homologous anti-sera col lected 
at d i f ferent t ime intervals. The results revealed complex antigenic heterogeneity 
and more pronounced variations were recorded for d i f ferent amphistome species 
under study. The antibody response was found maximum in the 8th week, 
post-inoculation as revealed by the presence of maximum number of precipi t in 
arcs. However, the number of arcs were less in the sera col lected at 6th 
and 10th week, post-inoculation. This shows that amphistome antigens evoke 
antibody response for a short period, spread over a few weeks. Since major i ty 
of the fractions have expressed their antigenic potent ial in the 8th week, 
post-inoculation and show highly specific character ist ic precip i t in pattern 
for individual species. These results could be exploited for immunodiagnostic 
measures. 
Geyer (1967) recognized about 23 precipi t in arcs fol lowing immuno-
electrophoresis of F_. hepatica extracts and using the homologous antisera 
whereas Capron e^t^  ^ . (1968) demonstrated 21 to 23 antigenic components 
in ^ . mansoni and ^ . haematobium. However, in the present study the lesser 
number of arcs as recorded in lEP could be due to the fact that antibodies 
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are produced against a few of the antigens out of a wide spectrum as pointed 
out by Sinclair (197 0). 
The anodal antigenic fraction showing the most prominent and strong 
precipitation reaction was preseat in all the amphistomes showing the presence 
of a prominent common antigenic fraction recognized on the basis of its 
position in the gels and the shape of the precipitin arc. This common arc 
in amphistomes can be referred to as "Arc A". Perhaps the source of this 
common antigen could be the commonly occurring polypeptide (M 27 Kd) 
which was detected in the protein profile of amphistomes, particularly those 
which inhabit rumen of buffalo (Please see Chapter II). However, further 
studies are definitely required to characterize this fraction and its subsequent 
use for cross-protection studies on amphistomes. 
The closely related rumen species particularly, P_. epiclitum (pink and 
yellow varieties), C. calicophorum and C. cauliorchis, were grouped together 
by the numerical analysis but exhibit differences in lEP. The 8th week hyper-
immune sera raised against the antigens of these parasites were analysed 
for antibody titre by ELISA. The results revealed great differences in the 
antibody titre at the intra-specific or strain related variations. The antibody 
titre was quite high for ^ . epiclitum, showing highly antigenic potential of 
this parasite as compared to Calicophoron. However, these results further 
confirm that these closely related amphistomes differ in their antigenic pro-
perties also. Thus the two strains of P_. epiclitum not only show variation 
in their protein content, protein profile but their crude extracts also exhibited 
differential antigenic properties. It can be concluded that the two varieties 
of JP. epiclitim represent two different strains. 
It can be concluded that the differential antibody response and extensive 
If'i 
cross-reactivity in immunodiffusion, antigenic heterogeneity in immunoelectro-
phoi'esis and differences in the antibody titre as revealed by ELISA to total 
soluble tissue extracts of amphistome suggest that serology could be successfully 
employed to differentiate the closely related species of amphistomes. However, 
further studies are required by using more sophisticated techniques as well 
as with more species of amphistomes in order to solve the problem of cross-
reactivity and species specific antigen characterization for the development 
of an immunodiagnostic tool and immunoprotection studies. 
C H A P T E R - r V 
AMINO ACID TRANSPORT 
INTRODUCTION 
Amino acids serve as a precursors of many important macro-molecules 
including various hormones, vitamins, co-enzymes, all<aloids, porphyrins, antibiotics, 
pigments and neurotransmitters.' Besides being building blocks, amino acids 
also contribute to the energy production processes when the primary energy 
source (carbohydrates) is in short supply or else in emergency requirements. 
For the energy production processes the carbon skeleton of amino acids is 
converted to glycolytic or TCA cycle intermediates (Lehninger, 1970; Bohinski, 
1987). In many invertebrates and possibly helminths as well, amino acids 
are also involved in the regulation of intra-cellular osmotic pressure (Barrett, 
1981). The importance of amino acids lies not only in their absorptive and 
anabolic processes but also in the catabolic and secretory processes. Bile 
duct hyperplasia in fascioliasis (Isseroff ei^ aL, 1971) and liver fibrosis in 
schistosomiasis (Isseroff, 1980) have been reported to be due to hyper secretion 
of proline. Despite the state of the art of transport physiology, very few 
organisms have been studied for amino acid transport (Lerner, 1985) and very 
little is known about their nutritional significance in invertebrates. 
Among helminths little is known about the nutritional roles of the 
intestine and tegument. However, recent studies suggest that the tegument 
of platyhelminths is adapted morphologically as absorptive surface and permeable 
to a variety of low molecular weight organic solutes (Pappas, 1988). The 
ultrastructural studies reveal that the body surface of trematodes and cestodes 
is covered with a syncytial epithelium which forms an interface with the 
host environment, thereby maintaining a dynamic state of biochemical, physio-
logical and immunological interplay in order to establish the host-parasite 
relationship. During short term jjn vitro incubations, the tegument appears 
to be the primary surface involved in the absorption of amino acids (Chappell, 
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1974; Mercer &c Chappell, 1985; Asch & Read, 1975a). An amino acid must 
be absorbed in sufficient quantities to meet parasite's metabolic requirements. 
Some of these amino acids cross the tegument by diffusion while others are 
absorbed by facilitated diffusion or active mediated transport requiring energy 
and also involving a permease system. 
The transport mechanism of amino acids involve the participation of 
enzymes, hormones and neurotransmitters. In some more complex, energy 
dependent processes the -glutamyl cycle is also involved. Perhaps the 
presence of specific receptors on the membranes would also help in selective 
absorption of nutMents. In mammals one such example is of insulin receptor 
proteins present in the cell membranes that are being stimulated during the 
uptake of amino acids (Bohinski, 1987), however, almost nothing is known 
about such studies in helminths. 
The differential permeability of cell membranes to various electrolytes 
and non-electrolytes represents one of the most fundamental characteristic 
of life. In parasitological context, the differences in the transport properties, 
when parasite and host cells are compared, represent an important avenue 
for chemotherapy (Ellory e^ aL, 1988). 
The role of free amino acids in the nutrition of helminths has attracted 
the attention of many parasitologists. A number of investigators have used 
liquid scintillation counting and autoradiographic techniques to study the uptake 
of amino acids in helminths. To establish the role of tegument in the uptake 
of nutrients, many researchers have used ligated trematodes in order to differen-
tiate the uptake of nutrients from the intestine. The experiments with ligated 
parasites provide some valuable information, although ligation procedure itself 
causes significant damage to the parasite surface (Halton & Arme, 1971; 
Nollen and Nadakavukaren, 1974). 
l i 1 
The body surface in cestodes has received considerable attention due 
to the absence of gut. Further the different regions like scolex, proliferating 
neck region and immature and mature proglottids, serve as a potentially useful 
model for various biological studies. The studies on differential changes 
in polypeptide profile of brush border membranes of various regions of 
Hymenolepis diminuta (Siddiqui and Podesta, 1985a, 1985b) suggest that such 
investigations will also enhance our understanding on the role of membrane 
constituents in the control of molecular transfer across the cestode tegument. 
With the use of autoradiographic method, it has been made possible 
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to study the differential distribution of labelled ( H or C) amino acids 
in various organs and tissues of helminth parasites. The standard pulse-chase 
technique has been widely used to study the amino acid uptake and their 
metabolism. However, liquid scintillation counting has proved useful in establish-
ing the kinetic parameters of amino acid transport in parasites. 
During _m vitro uptake studies a number of physical factors like 
temperature, osmolarity, ionic strength of the incubation medium have been 
reported to influence the mode of transport. The amino acid composition 
of the host diet or the presence of free amino acids in the microhabitat, 
particularly in the gastro-intestinal t ract would greatly influence the mode 
and nature of uptake which would influence the internal concentration of 
amino acids of the parasites. It has been observed that the concentration 
of free amino acids in the intestine of vertebrate hosts varies with its feeding 
cycle, however, the relative ratios of different amino acids remain relatively 
constant (Barrett, 1981). 
Therefore, the parasites infecting the gastro-intestinal t ract remain 
more or less in a constant pool of amino acids, however the actual molar 
ratios of amino acids in the intestine may differ in different hosts and could 
be a factor involved in the host recognition and host specificity (Barrett, 
1981). Both the mammalian and helminth transport systems have carriers 
with broad and often overlapping specificities which prevent flooding of the 
internal pool by a single compound. All the compounds transported by a 
single carrier may act as a competitive inhibitor of one another. The uptake 
of any one is modulated by the relative concentrations of the rest. Due 
to the mediated bidirectional flux in parasites of gastro-intestinal tract, the 
parasite and host remain in a state of dynamic equilibrium with respect to 
low molecular weight substances (Barrett, 1981). 
Among the parasitic helminths most of the studies carried out on the 
transport and uptake of amino acids are confined to only a few species and 
almost nothing is known, about the amphistomes and the anoplocephalid eestodes. 
LITERATURE REVIEW 
The comprehensive survey of the li terature revealed that a large number 
of papers dealing with the physiological aspects of parasite nutrition have 
appeared during the last two decades. Nevertheless, we still know little 
about the uptake of micro-molecular nutrients by helminths except a few 
species of trematodes and cestodes which have been used as model parasites 
for such investigations. 
In an a t tempt to establish the roles of intestine and body surface, 
studies with ligated and unligated oral suckers of trematodes have been carried 
out in order to demonstrate the uptake of radio-labelled substrates. Isseroff 
and Read (1969) demonstrated the uptake of labelled amino acids in both 
ligated and un-ligated worms incubated for 2 minutes and concluded that 
the amino acids were absorbed across the tegument. The initial tegumentary 
absorption of amino acids followed the process of diffusion in F^ . hepatica 
and Fascioloides magna (Isseroff and Read, 1969). Although the experiments 
with ligated parasites can provide important information about the mode 
of uptake, but the procedure of ligation itself may cause significant damage 
to the parasite surface, thereby affecting the results of the uptake studies 
(Halton and Arme, 1971; Nollen and Nadakavukaren, 1974). Kurelec and Ehrlich 
(1963) found significant loss of amino acids in JF. hepatica, with ligated oral 
suckers. The uptake of a variety of amino acids under I^L vitro conditions 
has been demonstrated in F_. hepatica (Ehrlich e^ ah, 1963; Pantelouris, 1964a, b; 
Thorsell and Bjorkman, 1965; Knox, 1965a, b), in ^ . mansoni (Senft, 1963, 
1965, 1966). 
As far as route of amino acid uptake is concerned, the surface topography 
of trematodes revealed certain morphological features which play an important 
role in absorptive function (Smyth and Halton, 1983). Some workers have 
concluded that the tegument is the principal route of micro-molecular inter-
change with the medium during short term J_n vitro incubations (Asch and 
Read, 1975a; Mercer and Chappel, 1985; Isseroff and Read, 1969; Isseroff 
et al., 1972a and Lumsden, 1975). Permeability and other functions are often 
augmented by ultra-structural features which conform to the absorptive function 
of tegument (Lumsden, 1975). The surface coat or glycocalyx has also been 
reported to influence the absorptive properties of the body surface and the 
specialised region of the tegument called "hold fast" which may play a major 
role in extracorporeal digestion and absorption (Barrett, 1981). More recently, 
Arme (1988) reviewed the ontogenetic changes in helminth membrane function 
while Pappas (1988) discussed the relative role of the intestine and external 
surfaces in the nutrition of helminths. 
The tegument in schistosomes appear to be the major route for the 
absorption of amino acids (Asch and Read, 1975b; Chappell, 1974). The sex 
related differences as well as differences in the uptake of amino acids by 
paired and unpaired schistosomes have also been investigated (Cornford and 
Oldendorf, 1979; Senft, 1968). The incorporation of (^ H^) leucine in _F^  hepatica 
clearly revealed that this amino acid is involved in the synthesis of T1 secretory 
bodies by involving the granular endoplasmic reticulum and Golgi complex 
(Hanna and Threadgold, 1975). 
According to Wilson and Barnes (1979), the half of the labelled protein is 
being secreted to the exterior within 3 h of chase incubation. The mechanism 
for the release of secretory proteins at the body surface has been reviewed 
by Smyth and Halton (1983). Studies of Lumsden (1966) and Oaks and Lumsden 
(1971) further suggest that proteins synthesized in the tegument perikarya 
are subsequently concentrated in the more superficial regions of the body 
surface. In the pulse-chase experiments with radiolabelled amino acids, there 
is usually a long delay between synthesis of plasma membrane proteins and 
their appearance on the cell surface (Ray e^ aL, 1968). Removal of the 
tegument by the freeze thawing technique revealed that over 95 percent 
of the labelled methionine was located in sub-tegumental tissues (Kusel, 1972). 
According to Barrett (1981), studies on helminths are mainly concentrated 
on the uptake of substrates by absorptive layers and the problem of transport 
from the tegument to the tissues has remained neglected. Only few studies 
have demonstrated the importance of differential distribution of radio-labelled 
amino acids in various regions and tissues of the parasites, thus enabling 
to understand the protein metabolism in different organs. Hanna (1975) reported 
that the incorporation of labelled amino acids as reflected by silver grain 
density in different tissues of F_. hepatica depend upon the chase period. 
Further, he observed that in longer chase periods the incorporation was pre-
dominantly present in the apical regions of the cells and was associated with 
the secretory bodies that discharge secretory material at the cell surface. 
The incorporated amino acid retained within the cells has been termed as 
"Sessile Protein" by Rhor and Richter (1967). Hanna (1976) demonstrated 
leucine incorporation by young vitelline cells which were most active in protein 
synthesis, and also suggested that the nurse cells may be responsible to select 
and transport precurssors for protein synthesis in the vitelline cells of ¥_. 
hepatica. It has been suggested by Dunn e;^  aL (1985) that the lymphatic 
system of amphistomes may be responsible for the mobilization of free amino 
acids for various metabolic requirements. Stjernholm and Warren (1974) reported 
that the developing eggs of Schistosoma mansoni utilize a ' large amount of 
amino acids which were ultimately incorporated into proteins. Further, 
Pantelouris (1965) demonstrated the incorporation of radiolabelled methionine 
indicating its metabolic role in gut cells, vitellaria, and testes of £. hepatica. 
A number of kinetic studies describing the mechanism, specificities 
and rate of amino acid transport have been comprehensively reviewed by 
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many workers (Pappas and Read, 1975; Von Brand, 1979; Podesta, 1982; Smyth 
and Halton, 1983). Recent studies on the uptake kinetics of amino acids 
have been carried out on cysticercoids of _H. duminuta and protoscoleces 
of E^ . granulosus by Jeffs and Arme (1984, 1985a, b, 1986) and on adult 
schistosomes by Mercer and Chappell {1985b) and Cornford (1985). 
Various mechanisms for the transport of amino acids like passive diffusion, 
mediated transport (passive and active), exchange diffusion or bi-directional 
flux and counter flow in helminths have been reviewed by Pappas and Read 
(1975). According to these authors (loc. cit.) the uptake of most of the 
amino acids in E. diminuta is by mediated process showing saturable and 
stereospecific kinetics. Though the diffusion component is common, but it 
has not always been taken into consideration (Lussier, 1977; Winne, 1977). 
Any absorptive surface covering is an stationary layer of fluid (unstirred 
layer) which can be crossed by substrates via diffusion (Barrett, 1981). The 
unstirred layer offers considerable amount of diffusion resistance and lead 
to over estimation of substrate affinity and velocity of uptake (Kt and Vmax 
values). According to Podesta (1981) the diffusion component (Kd) in the 
fluxes of leucine, alanine and methionine represents facilitated rather than 
Fickian diffusion. The occurrence of a large diffusion component in helminths 
is well documented in transport studies (Eavenson and Christensen, 1967; 
Woodward and Read, 1969; Hampton, 1970). However, some of the amino 
acids like methionine, proline, histidine, cycloleucine and 2-amino-isobutyrate 
by H. diminuta are accumulated against concentration gradient, suggesting 
the involvement of active mediated transport, obeying the Michaelis-Menten 
kinetics (Barrett, 1981). The uptake of substances in active transport follows 
a saturation kinetics indicating the involvement of enzyme system (Smyth, 
1966). A number of tegument bound enzymes have been localized by many 
workers and their function has been assigned in membrane transport (Erasmus, 
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1968; Threadgold, 1968; Dixon, 1970). Among the various membrane bound 
enzymes, -glutamyl transpeptidase, is mainly involved in the amino acid 
transport. However, very little is known about the functional aspect of this 
enzyme in helminths. 
Depending upon their specificities and affinities with the transport 
sites, SIX mediating systems or sites for amino acid fluxes have been determined 
in H. diminuta. One site has high affinity for dicarboxylic amino acids, 
while the second for dibasic amino acids, and the remaining four sites for 
mediating the neutral amino acids (Pappas and Read, 1975), With the exception 
of the dibasic system, the other transport systems have various degrees of 
overlapping affinity (Christensen, 1969). The six transport sites in U_. diminuta 
apparently bind several amino acids. These sites are quite specific for L -
amino acids. The most clearly defined amino acid site in 2^. diminuta is 
that for basic amino acids which do not interact with neutral, acidic or aromatic 
amino acids during transport (Read et^ aL, 1963). The available data also 
indicate the presence of distinct sites for neutral amino acid transport (Hams 
and Read, 1968). Several investigators have also showed the amino acid 
efflux from H. diminuta in the presence of amino acids in the external medium 
(Read ei^ aL, 1963; Hopkins and Callow, 1965; Kilejian, 1966; Woodward and 
Read, 1969; Arme and Read, 1969) but the experiments of these authors 
have not always differentiated the counter flow and exchange diffusion (Pappas 
and Read, 1975). H. citelli has been reported to uptake methionine by active 
process (Senturia, 1964), Studies on Taenia crassiceps larvae suggest that 
amino acid transport occur in these organisms by a mediated process (Haynes 
and Taylor, 1968). However, these workers have used long incubation periods 
Ignoring the initial uptake velocity and did not recognize the contribution 
of diffusion in the uptake of amino acids. Therefore, Pappas and Read (1975) 
suggested that the data of Haynes and Taylor (1968) and Haynes (1970) must 
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be accepted with some reservations. Chappell (1974) and Asch and Read 
(1975b) have demonstrated the complex nature of the amino acid transport 
systems in S. mansoni, where neutral and basic amino acids interact during 
the transport unlike the cestodes. In the earlier studies it has been concluded 
that cestodes lacked Na ion dependency in amino acid transport (Read e^ aA., 
1963; Pappas et_ aL, 1974). However later studies by Podesta e_^  aL (1977) 
have shown in H^ . diminuta and H. microstoma that alanine influx exhibit 
both primary and secondary active transport where Na is transported as 
a co-ion. This fact was overlooked in earlier studies and re-examination 
of the earlier data and recent studies on ^i* diminuta also reveal that the 
Na is the co-ion involved in the transport of amino acids (Lussier £t_ aL, 
1982). In spite of these informations available on the amino acids uptake 
no generalization is possible in helminths. 
It is a well established fact that the tegument of cestodes is metabolically 
active and plays an important role in the uptake of nutrients. Though the 
reports of amino acid uptake across the tegument in trematodes are also 
available, but most of these studies are confined to only few species and 
almost nothing is known about the amphistomes. 
The aim of the present study was to investigate the amino acid transport 
mechanism in G^ . explanatum, Gj. crumenifer and ^. globipunctata inhabiting 
different habitats in two different hosts order to see the differences which 
might exist as a result of biochemical adaptations in the mode of nutrition. 
MATERIALS AND METHODS 
1 ^ '? 
The route of micromolecular uptake and differential incorporation of 
radio-labelled amino acids by amphistomes has been investigated by using 
autoradiographic technique, whereas the nature of uptake and kinetics of 
the amino acid transport in helminths have been studied by liquid scintillation 
counting. 
Autoradiography: 
The procedure for the autoradiographic studies using pulse-chase technique 
was followed as described by Hanna (1976) with some modifications. Fresh 
and active flukes of G^ . explanatum and G^ . crumenifer were collected as 
described earlier and rinsed thrice in glucose free Hank's saline, and pre-
0 
incubated separately at 37 ± 2 C for 120 min in the same medium for starvation. 
Hank's saline without glucose has been used in all the studies unless otherwise 
stated. 
After pre-incubation, two to four worms of each parasite were incubated 
in 100 uCi of tritium labelled leucine, alanine and proline [specific activities : 
3 3 3 
L- ( H) leucine, 70 Ci/mmol; L- ( H) alanine, 36 Ci/mmol; and L- ( H) proline, 
222 Ci/mmol; radioactive concentration 1.0 mCi/ml; Radio-chemical centre, 
Amersham] prepared in one ml of final incubation volume of Hank's in culture 
0 
vials, kept in a metabolic shaking water bath pre-maintained at 37 ± 2 C. 
The worms were given 10 min pulse followed by a chase period of 0, 5, 
10, 15, 30, 45, 60 and 90 minutes in the same medium devoid of labelled 
amino acids. Controls were also run simultaneously in Hank's medium containing 
unlabelled amino acids. 
After incubations, the worms were thoroughly rinsed in nutrient free 
chilled medium and immediately cut transversely into two halves and subsequently 
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fixed overnight at 4°C in 10% neutral buffered formalin. Later, the worms 
were washed for 1 h to remove formalin traces and dehydrated for 30 min 
in each of the ascending grades of ethanol. Finally two changes of 30 min 
each were given in 100% ethanol and the worms were processed for JB-
4 embedding for which the dehydrated worms were transferred to solution 
A with three changes overnight' for complete infiltration of catalysed monomer. 
On the following day, the material was embedded in dry transparent gelatin 
capsules using solution A and B of JB-4 in the ratio of 25:1. 
Solution 'A' ; Catalysed JB-4 monomer: 
Glycol methacrylate = 80 g. 
2-Butaoxyethanol =16 g. 
Benzoyl peroxide =1.0 g. 
Allowed the benzoyl peroxide to fully dissolve and then filtered before use. 
Solution 'B' ; JB-4 accelerator: 
Polyethylene glycol 400 =15 g. 
N, N-dimethylaniline =1.0 g. 
mixed thoroughly. 
All the JB-4 chemicals were obtained from Polaron Equipment Ltd., England. 
The embedded bloci<s were stored in vials containing either dry silica gel 
or anhydrous copper sulphate as dessicant. 
Selection cutting: 
The sections, 2.5 um thick, were cut from the JB-4 blocks, using an 
LKB 2128 Ultramicrotome, and mounted on one end of dust-free clean glass 
slides using 0.1% ammonia solution. The slides were stored in dust-proof 
boxes containing dessicant (silica gel) unless required for coating with photo-
graphic emulsion. 
Emulsion coating: 
The dipping technique has been used for coating the slides in the dark 
room, using minimum red safe light mounted about 1 meter from the working 
area. The emulsion was prepared in a coplin jar by dissolving 10 gm of 
Illford h. nuclear research emulsion (finest grain in gel form) in 20 ml of 
0 
double distilled water at 45 C in a water bath for 15 min and was frequently 
stirred with a parafilm coated glass rod. The emulsion was then kept at 
room temperature for a further 30 min with occassional stirring before use. 
For coating, each slide was dipped one by one in coplin jar containing 
emulsion and withdrawn immediately and gently. The emulsion on slides 
was never drained into emulsion jar, but was allowed to drain vertically over 
an absorbent paper for few seconds. The coated slides were kept vertically 
tilted for 10-15 min to dry completely. All slides were properly marked, 
and all sections on the slides faced outwardly when kept for drying. After 
drying the slides were transferred to a slide box which was wrapped in a 
black plastic bag and it was sealed properly to ensure the protection from 
light. The light proof and air tight boxes were labelled before being stored 
0 
in refrigerator at 4-5 C for a minimum period of 10 weeks. 
Development of autoradiograms; 
After the exposure period, the autoradiograms were developed in dark 
room conditions as described above. Before processing the slides were brought 
0 
to room temperature and all procedures were carried out at 20 C. The slides 
0 
were developed in Kodak D-19 developer at 20 C for 5 min following a rinse 
in 1% acetic acid for 10 sec and then the autoradiograms were fixed in Kodak 
fixative (unifix powder) used in the dilution A (i.e. 1 in 10 dilution) for 10 min 
and washed for 30 min in several changes of double distilled water. After 
fixation, rest of the procedure was carried out under normal laboratory conditions. 
The slides after fixation were dried over absorbent paper overnight in a dry 
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and dust free chamber. 
The sections were stained with 0.196 toluedine blue, rinsed in distilled 
water and air dried. The silver grains were located in the sections and suitable 
photographs were taken in oil immersion using an ORWO, 125 ASA, black 
and white film. 
Kinetic studies usii^ liquid scintillation counting: 
Mature G^ . explanatum, G^ . crumenifer and S^ . globipunctata were used 
for the kinetic studies of amino acid transport. The worms were rinsed in 
Hank's and pre-incubated for 120 min in the same medium without glucose. 
Following starvation, worms were incubated in the medium containing tritium 
3 3 3 
labelled amino acids, L- ( H) leucine, L- ( H) alanine and L- ( H) methionine 
(specific activities: 45 Ci/mmol, 36 Ci/mmol, 15 Ci/mmol, respectively) for 
various studies. Unfortunately due to the limited supply of labelled proline, 
it was not included in the present study. The method of Jeffs and Arme 
(1986, 1987) with some modifications has been followed in the kinetic studies 
on the amino acid uptake by the helminths under study. 
Time lapse study: 
In order to see the effect of different time periods on the uptake 
of amino acid, G^ . explanatum, G^ . crumenifer and ^. globipunctata, two to 
three worms of each species were incubated separately in 1 mM concentration 
of leucine, alanine and methionine with radioactivity 1 uCi/ml of incubation 
medium, for 15, 30, 45 and 60 min in metabolic shaking water bath, pre-
0 
maintained at 37 ± 2 C. Thereafter, the incubated worms were immediately 
taken out of the medium, rinsed and vortexed three times in ice-cold saline 
without any labelled material, for 5 min and the procedure was found to 
be sufficient to remove adherent isotope as suggested by Jeffs and Arme (1986). 
The excess saline was drained against the wall of the beaker and further 
j 16 
soaked on the absorbent paper. Finally the worms were transferred into 
the vials containing 2 ml of ethanol of AR grade. The incorporated activity 
was extracted in ethanol for 48 h. 
o 
The ethanol extracted worms were dried at 90 C for the determination 
of dry weights following which the dried worms were solubilised over night 
in 1 N NaOH at 37 C. Each" sample was collected on separate glass fibre 
filter paper (GFC, Whatman) discs which were dried in hot air and treated 
with H„0„. The dried discs were placed in scintillation vials and 8.0 ml 
of scintillation cocktail containing 4 gm PPO + 50 mg POPOP per litre of 
toluene in each vial and counted for 2 min, with repeat counts, in Beckman 
liquid scintillation spectrometer, LS-Series. The quench correction was achieved 
by external standards ratio. 
Effect of amino acid concentration; 
In order to see the effect of amino acid concentrations and to test 
the saturable, carrier mediated uptake by the helminths understudy, various 
3 3 3 
concentrations of L- { H) leucine, L- ( H) alanine and L- { H) methionine 
ranging from 0.2 mM to 1.0 mM were prepared in Hank's with final radioactive 
concentrations maintained at 2 uCi/ml. Two worms of each species were 
0 
incubated in the medium for 5 min at 37 ± 2 C. Further, in order to test 
the effect of higher concentrations ranging from 4 mM to 24 mM, the solutions 
were prepared by using both labelled and unlabelled amino acids. The concentra-
tion of labelled amino acids were kept constant (0.8 mM) and the remaining 
concentrations were made up by using the same unlabelled amino acids in 
varying quantities to get the desired concentrations (4 mM to 24 mM). The 
final radioactive concentration was kept constant at 2.0 uCi/ml in the solutions 
of different concentrations. Cornford (1985) also used the same protocol 
to prepare the various concentrations by using the fixed quantity of labelled 
amino acids with varying quantities of their unlabelled homologues in order 
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to study the saturable, carrier mediated transport in Schistosoma spp. 
Following incubations, the rest of the procedures for radio-active counting 
was same as described earlier. All the ethanol extracted samples and tissue 
bound activity was monitored by Liquid Scintillation Counter. 
Units; 
The uptake of amino acids in the kinetic studies has been expressed 
as umoles of amino acid incorporated per gm dry weight per 2 min. 
Ultra-structural studies of tegument; 
In order to study the nature of the body surface of amphistomes, the 
transmission and scanning electron microscopy were also carried out on G^ . 
explanatum and G^ . crumenifer. 
Transmission electron microscopy: 
For the transmission electron microscopy flukes of each species were 
sliced longitudinally into two portions and fixed overnight at room temperature 
in glutaraldehyde (4%) in 0.1 M cacodylate buffer, pH 7.4. Subsequently 
specimens were washed with buffer, sub-divided into pieces approximately 
3 
2 mm , post-fixed for 1 h in 1% aqueous (OsO.), dehydrated in alcohol and 
embedded in Spurr resin. 
Preparation of resin; 
Spurr resin : Vinylcyclohexene dioxide (VCD or ERL - 4206) 
Non-enyl succinic anhydride (NSA) 
DER - 736 
Dimethylaminoethanol (DMAE) 
These components were thoroughly mixed for embedding. 
10 g 
26 g 
8 g 
0.2 g 
J 1 8 
Embedding: 
The specimens were oriented in flat laytex moulds or beem capsules 
0 
with fresh resin. The polymerisation of resin was carried out at 70 C for 
12 h and sections were cut with glass knives using an LKB - Ultramicrotome -
2128 model, and collected on bare copper grids and double stained with uranyl 
acetate and lead citrate. Photomicrographs were taken on JEM - 100 CX 
Electron Microscope. 
Scanning Electron Microscopy (SEM); 
For SEM flukes were washed thoroughly in Hank's without glucose 
followed by a wash in normal saline, fixed in 4% aqueous glutaraldehyde 
for 8 h followed by three changes of buffer wash for 15 min each. Subsequently 
postfixation was done in 1% aqueous osmium tetroxide for 2 h and dehydrated 
in the ascending grades of acetone. Two changes in 100% acetone for 20 
min each were given before the material was taken for critical drying in 
a Polaron E-3000 critical point drier using liquid C0„ as the transitional 
fluid. The worms were mounted on aluminium stubs using durafix and coated 
with gold using the Polaron E 5000 sputter coating unit. The photomicrographs 
were taken with an ISl Super Z scanning electron microscope operating at 
12/15 KV. 
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RESULTS 
The amphistomes G^ explanatum, G. crumenifer and the ceslode ^ 
globipunctata have been found to utilize amino acids with individual variations 
in the level of uptal<e during JH v'tro incubations. The results have been 
summarized in Tables 4.1 - 4.8, Plates 4.1 - 4.8 and Figs. 4.1 - 4.16. 
3 3 
The results of autoradiography reveal that L- ( H) leucine, L- ( H) alanine, 
L- ( H) proline are differentially incorporated in different regions and tissues of 
the amphistomes under study. The intensity of the incorporated radioactivity 
was found to be time dependent (Fig. 4.1, Plates 4.1 - 4.6 and Table 4.1 - 4.6). 
In both the amphistomes, G^ explanatum and G^ crumenifer, the maximum 
incorporation of all the labelled amino acids under study was recorded in 
the tegument from 5 to 10 min chase periods. Thereafter, the silver grain 
concentration indicating the presence of amino acids decline over the tegumental 
region with simultaneous increase in the sub-tegument. In the following chase 
periods the activity appeared in other regions and organs associated, particularly, 
3 
with active protein metabolism. Among the three amino acids, L- ( H) alanine 
3 
and L- ( H) proline were distributed in most of the regions a little earlier 
3 
as compared to L- ( H) leucine in G. explanatum (Figs. 4.1 A, B, C, Plates 4.1 -
4.3 and Tables 4.1 - 4.3). However, the relative distribution of amino acids 
in different regions of the rumen amphistome G^ crumenifer does not appear 
to be as strong as in G^ explanatum and the incorporation in most of the 
regions takes place in late chase periods (Figs. 4.1 C, D, E, Plates 4.4 -
4.6 and Table 4.4 - 4.6). 
All the amino acids were incorporated in the lymph system and 
parenchyma where silver grain density varies with different chase periods 
indicating metabolic utilization of these micromolecules. However, following 
i::0 
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FIG. 4.1 : Diagramatic representation of the relative distribution of silver 
grains of [-^H] leucine, [^H] alanine and [^H] proline in different 
regions of Gigantocotyle explanatum (A, B, C), and Gastrothylax 
crumenifer (D, E, F), after different chase periods. 
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PLATE - 4.1 
Autoradiograms of JB^ resin sections of Gigantocotyle explanatum 
showing differential i£ vitro incorporation of ( H) leucine at 
different chase periods following 10 min pulse, x 1000 (Figs. 1-6). 
Fig. 1 : Showing the presence of silver grains (arrow) over the 
tegumental (Tg) and sub-tegumental region after omin chase 
period. 
Fig. 2 : Activity was totally absent from the gut humen (Gl) and 
intestinal caeca (Ic). 
Fig. 3 : Heavy density of grains in the sub-tegument (Stg) after 10 
min chase period. 
Fig. 4 : Incorporation of labelled leucine (arrows) in the 
spermatogonia following 30 min chase period. 
Fig. 5 : Distribution of grains in the parenchymatous (Pa) region 
(arrow) after 30 min of chase period. 
Fig. 6 : Pronounced distribution of grains over the testes (arrow) 
following 45 min chase period. 
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Autoradiograms showing the differential incorporation of ( H) alanine 
in various regions of Gigantocotyle explanaturn at different chase 
periods following 10 min pulse, x 1000 (Figs. 1-5). 
Fig. 1 : Autoradiogram showing the occurrence of grains in the 
tegument (Tg) following 90 min chase. Sub-tegument (Stg). 
Fig. 2 : Incorporation of labelled alanine in the lymph system 
(arrows). 
Fig. 3 : Intestinal caeca (Ic) devoid of any labelled material even 
at 0 min chase period. 
Fig. 4 ; Appearance of grains over the excretory duct following 30 
min chase period. 
Fig. 5 : Incorporation of labelled alanine in testes following 30 
min chase period. 
i::8 
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Autoradiograms showing the differential incorporation of ( H) proline 
in various regions of Gigantocotyle explanatum at different chase 
periods following 10 min pulse, x 1000. (Figs. 1-5). 
Fig. 1 : Trans-tegumental route for the absorption of labelled 
proline. Silver grains (arrows) distributed over the 
tegumental (Tg) and sub-tegumental region after 5 min 
chase. 
Fig. 2 : The silver grains do not appear neither over the gut lumen 
(Lu) nor on intestinal caecae (Ic) even following the 10 
min pulse (i.e. 0 min chase). 
Fig. 3 : Distribution of grains in the parenchyma and vitellaria 
following 15 min chase. 
Fig. U : Reappearance of grains over the tegumental surface (Tg), 
Stg: sub-tegumental following 90 min chase. 
Fig. 5 : Labelled proline incorporatLon in testes. Mature sperms 
(Ms) devoid of any activity. 
J:.9 
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Autoradiograms showing the differential incorporation of ( H) leucine 
in various regions of Gastrothylax 'crumenifer at different chase 
periods following 10 min pulse, x 1000. (Figs. 1-7). 
Fig. 1 : Autoradiogram showing the trans-tegumental uptake and 
incorporation of labelled leucine following 10 min chase. 
Fig. 2 : Distribution of grains in the lymph system following 60 min 
chase. 
Fig. 3 : The ventral pouch (Vp) does not participate in the amino 
acid uptake. The grains never appeared in pouch lining. 
Fig. 4 ; Weak activity in parenchyma following 60 min chase. 
Fig. 5 : Weak activity in the lymph system after 90 min chase. 
Fig. 6 : Mature sperms do not incorporate the labelled amino acids. 
Fig. 7 : Grains are also dispersed in the parenchyma and 
sub-tegument after 90 min chase. 
i:\o 
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Autoradiograms showing the differential incorporation of ( H) alanine 
in various regions of Gastrothylax crumenifer at different chase 
periods following 10 min pulse, x 1000. (Figs. 1-6). 
Distribution of grains over the tegument (Tg), and 
parenchyma (Pa) following 5 min chase. 
Sparsely distributed grains in the sub-tegumental region 
after 90 min chase. 
Accumulation of grains in the lymph system following 45 min 
chase. 
Maximum activity in testes appear following 60 min chase. 
Incorporation of labelled alanine in vitellaria (Vt) 
following 30 min chase. 
Fig. 6 : Intestinal caecae (Ic) and gut lumen devoid of any labelled 
material following the initial pulse incubation. 
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3 
Autoradiograms showing the differential incorporation of ( H) proline 
in various regions of Gastrothylax crumenifer at different chase 
periods following 10 min pulse, x 1000 (Figs. 1-5). 
Fig. 1 : Incorporation of labelled proline (arrows) across the 
tegument (Tg) following 10 min pulse incubation (i.e. 0 min 
chase). 
Fig. 2 : Distribution of grains in parenchyma following 10 min 
chase. 
Fig. 3 : Incorporation of labelled proline in testes following 30 
min chase. 
Fig. 4 ; The amino acid retained in the tegument, sub-tegument and 
parenchyma. 
Fig. 5 : Intestinal caecae (Ic) and gut content (Gc) devoid of any 
labelled material, indicating these amino acids are 
exclusively absorbed via tegument. 
]P.2 
the maximum incorporation in a particular region, the amino acid concen-
tration starts decreasing during the subsequent chase periods. The L- ( H) 
proline was not retained in the parenchymatous region of G^ . explanatum in 
90 min chase period (Fig. 4.1 C). Amino acids were incorporated in the 
vitellaria of G^ . explanatum within 10 min of chase period whereas in G^ . 
crumenifer, a little longer time period was required to reach the activity 
in vitellaria (Fig. 4.1). The silver grains appear in the gonads within 15-30 min 
of chase period. Weak to moderate activity is retained in the gonads up to 
60 min but L- ( H) alanine and L- ( H) proline were absent in the ovary 
3 
of G. explanatum. Whereas, in G_. crumenifer only L- ( H) alanine was not 
detected in ovary in 60 min chase period. It has been observed that in testes 
3 
L- ( H) leucine was more concentrated in the young primordial cells but 
mature sperms were devoid of any labelled amino acid. 
In 90 min chase period all the amino acids were retained in the tegument 
of both the amphistomes except alanine in G^ . crumenifer. The reappearance 
3 
of silver grains was more pronounced for L- ( H) leucine in the tegument 
of G^ . explanatum. The autoradiograms further reveal that at 0 min chase 
3 3 
period L- ( H) leucine and L- ( H) alanine were intimately bound to tegumental 
surface near the acetabulum, particularly, of G_. crumenifer, which indicates 
the involvement of tegumental surface of the acetabulum, in amino acid 
incorporation. On incubating the parasites for different chase periods the 
activity disappears from the acetabular region, whereas activity was totally 
absent in the ventral pouch of the rumen amphistome. Similarly, activity 
was also not recorded in the gut of the two amphistomes, however, in one 
or two instances, silver grains appear over the intestinal caecae but oral 
or oesophageal regions were free from such activity. Thus it can be concluded 
that the amino acids used in the present study are not only incorporated 
but they are readily utilized in different regions and organs of the amphistomes. 
The results of the kinetic studies are summarized in Figs. 4.2 - 4.16 
and Tables 4.7 - 4.8. The time course study revealed that the uptake of 
1,0 mM L- ("^ H) leucine, L- ("^ H) alanine and L- ( H) methionine was essentially 
linear over the first 10 min of incubation with the exception of alanine uptake 
in G^ . explanatum, in which the linear uptake was noticed up to 30 min 
(Figs. 4.2 - 4.4). In the initial period of incubation the uptake was found 
linear in all the parasites and after 15 min the uptake follows a saturation 
kinetics with the exception of alanine uptake in the rumen and intestinal 
worms, in which decline was noticed after this period. Such decline in the 
uptake could be due to the leakage of the incorporated amino acids (Figs. 4.3 
and 4.4), Quantitatively the order of uptake of the amino acids under study 
3 3 3 
in G^ . explanatum was : L- ( H) alanine > L- ( H) leucine "^ L- ( H) methionine 
3 
whereas in G^ . crumenifer and ^. globipunctata the order was : L- ( H) leucine 
•> L- ( H) alanine ' ^ L- ( H) methionine. It is evident from these results that 
among the helminths under study there are pronounced qualitative as well 
as quantitative differences in the uptake of amino acids with respect to time. 
Since the initial rate of uptake was found linear over the first 5 min of 
the incubation period, this time interval was selected for subsequent studies 
on absorption kinetics. 
When the worms were incubated in the different concentrations of 
amino acids, ranging from 0.2 to 1.0 mM, it was observed that all the amino 
acids were absorbed via a mediated process with an involvement of the apparent 
diffusion component as can be seen from Figs. 4.5 - 4.12. Therefore, the 
values for the total amino acid uptake (A) were corrected for diffusion 
component (C) and thus the values obtained for the mediated uptake (B) 
were plotted as described by Jeffs and Arme (1986). The mediated uptake 
follows a typical saturation kinetics obeying the Michaelis-Menten equation. 
Various transport constants like Kt and Vmax showing the substrate affinity 
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C%j methionine (c) by Gigantocotyle explanatum at differ-
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FIG. 4.5 3 3 Uptake of ( H) leucine as a function of ( H) leucine 
concentration (a) by Gigantocotyle explanatum show-
ing the mediated uptake (B) obtained from the total 
uptake (A) values corrected for diffusion component 
(c) . Each point is the mean of four replicates + 
5.E. (b) Lineweaver-Burk plot of mediated uptake o7 
( H) leucine in Gigantocotyle explanatum. 
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Uptake of ( H) alanine as a function of ( H) alanine 
concentration (a) by Gigantocotyle explanatum 
showing the mediated uptake (B) obtained form the 
total uptake (A) values corrected for diffusion 
component (c) . Each point is the mean of four 
replicates +_ 5.E. (b) Lineweaver-Burk plot of 
mediated uptake of ( H) alanine in Gigantocotyle 
explanatum. 
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FIG. 4.7 3 3 Uptake of ( H) methionine as a function of ( H) 
methionine concentration (a) by Gigantocotyle 
explanatum showing the mediated uptake (B) obtained 
from the total uptake (A) values corrected for 
diffusion component (c). Each point is the mean of 
four replicates +_ 5.E. (b) Lineweaver-Burk plot of 
mediated uptake of (^n) rvethionine in Gigantocotyle 
explanatum. 
i 
t. 
E 
a\ 
</) 
E 
120n 
8 0 -
4 0 -
^ 0 L^---7 
0-4 0-6 
S ( m M ) 
FIG. 4.8 
V c (mM ) 
3 3 
Uptake of ( H) leucine as a function of ( H) leucine 
concentration (a) by Gastrothylax crumenlfer showing 
the mediated uptake (B) obtained from the total 
uptake (A) values corrected for diffusion component 
(C) . Each point is the mean of four replicates +_ 
S.E. (b) Lineweaver-Burk plot of mediated uptake of 
( H) leucine in Gastrothylax crumenifer. 
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Uptake of { H) alanine as a function of ( H) alanine 
concentration (a) by Gastrothylax crumenifer showing 
the mediated uptake (B) obtained from the total 
uptake (A) values corrected for diffusion component 
(C). Each point is the mean of four replicates + 
5.E. (b) Lineweaver-Burk plot of mediated uptake ol 
( H) alanine in Gastrothylax crumenifer. 
1'13 
c 
i 
E 
en 
\ 
V) 
^ 
1 — 
0-6 -. 
> 0-4-
1 
(b) 
I 1 1 •1 
• 
— I 
-2 -1 2 3 
1/S(mM) 
3 3 
FIG. ^.10 : Uptake of ( H) methionine as a function of ( H) 
methionine concentration (a) by Gastrothylax 
crumenifer showing the mediated uptake (B) obtained 
from the total uptake (A) values corrected for 
diffusion component (C) . Each point is the mean of 
four replicates ;^ S.E. (b) Lineweaver-Burk plot of 
mediated uptake of ( H) methionine. 
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FIG. 4.11 : Uptake of ( H) leucine as a function of ( H) leucine 
concentration (a) by Stilesia globipunctata showing 
the mediated uptake (B) obtained from the total 
uptake (A) values corrected for diffusion component 
(C) . Each point is the mean of four replicates + 
5.E. (b) Lineweaver-Burk plot of mediated uptake of 
(•^H) leucine. 
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FIG. 4.12 : Uptake of ( H) alanine as a function of ( H) alanine 
concentration (a) by Stilesia globipunctata showing 
the mediated uptake (B) obtained from the total 
uptake (A) values corrected for diffusion component 
(C) . Each point is the mean of four replicates ^ 
5.E. (b) Lineweaver-Burk plot of mediated uptake of 
( H) alanine. 
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and the velocity of uptake were calculated from the Lineweaver-Burk (1934) 
plot prepared from the values obtained for the mediated uptake. The Kt 
and Vmax values for all the amino acids in different parasites have been 
presented in Table 4.7. However, diffusion does not appear to be involved 
in the L- ( H) methionine uptake by ^ . globipunctata as the shape of the 
curve clearly indicates the uptake via a mediated process (Fig. 4.13a). 
The differences in the Kt and Vmax values indicate variation in the 
affinity and velocity of amino acid uptake by the helminths under study. As 
can be seen from Table 4.7, both the amphistomes, G^ . explanatum and G^ . 
crumenifer show higher affinity for alanine as evident from lower Kt values, 
followed by leucine and methionine. However, the order for the maximum 
velocity (Vmax) was not the same as Kt. The Vmax values were in the following 
order for different amino acids in both the amphistomes : L- ( H) leucine ^ 
3 3 
L- ( H) a l a n i n e ^ L- ( H) methionine. In the intestinal cestode, ^ . globipunctata, 
3 
lowest Kt values were observed for L- ( H) leucine with highest Vmax values 
3 
for its uptake. The L- ( H) methionine appeared to be the least preferred 
3 
amino acid followed by L- ( H) alanine, in the cestode under study. On 
comparing the Kt and Vmax values among the three parasites, it was noticed 
that the cestode, ^ . globipunctata exhibited greater affinity and highest uptake 
3 
velocity for L- ( H) leucine, followed by G^ . explanatum and G^ . crumenifer. 
The Vmax values for all the amino acids were lowest in G^ . crumenifer indicating 
slow rate of uptake by the rumen amphistome. 
The ethanol extracted dried worms were solubilized in NaOH, and the 
samples were checked for the tissue bound activity. The results revealed 
3 
that only L- ( H) leucine was incorporated in the tissues of G^ . explanatum 
whereas no such tissue bound activity was detected in G^ . crumenifer. Contrary 
to this, in ^ . globipunctata all the three amino acids were incorporated and 
118 
Table - 4.7 : Kt and Vmax values for the absorption of Amino Acids by 
Gigantocotyle explanatum, Gastrothylax crumenifer and Stilesia 
globipunetata. 
Parasites Leucine 
Kt Vmax 
Amino Acids 
Alanine 
Kt Vmax 
Methionine 
Kt Vmax 
G. explanatum 0.22 255.00 O.li 66.60 0.27 55.00 
G. crumenifer 0.24 111.10 0.23 20.00 0.26 5.00 
S. globipunetata 0.16 689.00 0.17 142.80 0.22 58.00 
Kt =mM 
Vmax = umoles/gm dry weight/2 min. 
M:I 
3 
Table - 4.8 : Tissue bound activity of labelled ( H) Amino Acids. 
* 
Amino Acids 
Parasites 
Leucine Alanine Methionine 
G. explanatum 4.2±0.90 
G. crumenifer _ _ _ 
S. globipunctata 14.06±2.14 12.52±1.81 17.3U3.U 
- Not detected 
* umoles/gm dry weight ± SEM 
I i)U 
appreciable quantity of tissue bound activity was detected (Table 4.8). Though 
the velocity of uptake of L- ( H) methionine was low in the cestode, but 
it is readily incorporated into tissue following 5 min incubation. 
In order to study the saturable, carrier-mediated uptake, a constant 
amount of radioactive amino acids were mixed with varying quantities of 
un-labelled amino acids and the worms were incubated in the desired final 
concentrations. The results have been presented in Figs. 4.14 - 4.16. The 
uptake of labelled amino acids in the presence of an increasing concentration 
of their unlabelled homologues indicate that in G^ . explanatum maximum uptake 
occurs up to 12 mM concentration followed by its decline at higher concentra-
3 3 
tions, particularly in L- ( H) leucine and L- ( H) alanine. The level of 
methionine did not decline even up to 24 mM concentration (Fig. 4.14). The 
decline in the uptake of leucine and alanine could be, possibly, due to the 
efflux of these amino acids. However, no such decline in the uptake was 
noticed at higher concentrations in G^ . crumenifer which exhibited saturation 
kinetics for the uptake of amino acids. In S^ . globipunctata the increasing 
concentrations beyond 4.0 mM leucine and 12 mM methionine produced inhibitory 
effects whereas alanine uptake followed a saturation kinetics. 
The autoradiographic results of the present study revealed that trans-
tegumental uptake of amino acids takes place in the amphistomes. Therefore, 
it was decided to examine the gross ultrastructural features of the tegument 
of amphistomes. The tegumental surface features as revealed by scanning 
electron microscopy indicate that in both the amphistomes the tegument 
is aspinous and folded into concentrically arranged ridges and furrows (Plates 
4.7 - 4.8). At high magnifications surface annulations were also evident. 
In addition to the surface infoldings, numerous dome-shaped papillae were 
present on the ridges, particularly around the oral opening and at the edge 
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FIG. 4.14 ; Uptake of 0.8 mM ( H) leucine, ( H) alanine and ( H) 
methionine in presence of an increasing 
concentration of their unlabelled homologues by 
Gigantocotyle explanatum. 
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methionine in presence of an increasing 
concentration of their unlabelled homologues by 
Stilesia globipunctata. 
im 
of acetabulum. In G^ . explanatum numerous papillae were also found scattered 
over the general body surface, particularly in the ventrolateral region (Plate 
4.7). The papillae were also present around the ventral pouch opening in 
G. crumenifer, but were sparsely distributed over the remaining body surface 
•(Plate 4.8). Two types of papillae were generally recognized, the 'pitted' 
and the 'non-pitted' type and several tightly packed tubercles were also present 
on the tegument showing network of fine ridges. Thus the tegumental infoldings 
result into an enormous increase of the surface area. 
It can be seen from the TEM results that the tegumental surface of 
the amphistomes is covered with a syncitial layer. The tegument of G^ . 
crumenifer was found thicker than that of G^ . explanatum, however, other 
features were more or less similar (Plates 4.7 - 4.8). It has been observed 
that the tegument of both the amphistomes consisted of an outer anucleate 
and the inner nucleated layer. The cytoplasm of the outer layer was continuous 
with the inner layer through the thin branching trabeculae which appear to 
be continuous with the cytoplasm of the surface syncitium and the tegumental 
cells. The tegumental cells were present between the superficial musculature. 
The basement membrane and basal lamina were infolded to form finger-like 
projections which extended almost to the apical plasma membrane. The cyto-
plasm of the surface syncitium contained two types of secretory inclusions, 
the discoidal, electron dense T1 bodies, and the spherical or oval and electron 
lucent T2 bodies. The secretory bodies were found to be distributed below 
the surface plasma membrane. The surface membrane was covered with 
the glycocalyx layer. Two types of the tegumental cells were recognized 
on the basis of their secretory inclusions. The T1 and T2 bodies were pre-
dominantly found to be present in the cytoplasm of the cells. The Golgi 
bodies and granular endoplasmic reticulum were also present. However mito-
PLATE - 4.7 
Ultrastrueture of the tegument of Gigantocotyle explanatum as 
revealed by scanning and transmission electron microscopy (Fig. 1-6). 
Fig. 1 : Scanning electron micrograph of adult fluke showing the 
hold fast organ, the acetabulum (Ac), gonopore (Gp), oral 
sucker (Os) and distinct acetabular opening (Ao). Scale bar 
: 1000 um. 
Fig. 2 : Transmission electron micrograph of the tegument near 
pharynx showing the surface syncitium (Ts), basal 
infoldings (Bf), tegumental secretory bodies (Sb). Scale 
bar : 1 um. 
Fig. 3 : Scanning electron micrograph of the body surface showing 
concentrically arranged papillae around the oral sucker 
(Os), gonopore (Gp). Scale bar : 100 um. 
Fig. 4 ; Scanning electron micrograph of ventral body surface 
showing the surface annulations (Sa) and pitted papillae 
(Pp). Scale bar : 100 um. 
Fig. 5 : Scanning electron micrograph of the body surface showing 
tegumental infoldings (Ti) and tubercles (Tb). Scale bar : 
5 um. 
Fig. 6 : Scanning electron micrograph of the body surface showing 
tegumental infolding (Ti) and dome shaped sensory papillae 
(Sp). Scale bar : 5 um. 
rrr ir) ) 
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Ultrastructure of the tegument of Gastrothylax crumenifer as revealed 
by scanning and transmission electron microscopy (Figs. 1-5). 
Fig. 1 : Scanning electron micrograph of ventral body surface 
showing concentrically arranged tegumental infoldings. 
Sensory papillae (Sp), oral opening (arrow). Scale bar : 
250 urn. 
Fig. 2 : Scanning electron micrograph of anterior region showing the 
oral opening (Mo), Ventral pouch (VP) and concentrically 
arranged sensory papillae (Sp) over the tegumental folds. 
Scale bar : 20 urn. 
Fig. 3 : Surface annulations (5a) as revealed by scanning electron 
microscopy. Scale bar : 10 um. 
Fig. 4 : Transmission electron micrograph of the tegument showing 
the Basal infolds (Bf), Syncitial layer (Ts), Interstitial 
material (Int), Muscle (Mu), Tegumental cell (Tc), 
Parenchyma (Par). Scale bar : 3 um. 
Fig. 5 : Transmission electron micrograph showing the abundance of 
mitochondria (Mt) in parenchyma. Scale bar : 1 um. 
PLATE - 4.8 
Ultrastructure of the tegument of Gastrothylax crumenifer as revealed 
by scanning and transmission electron microscopy (Figs. 1-5). 
Fig. 1 : Scanning electron micrograph of ventral body surface 
showing concentrically arranged tegumental infoldings. 
Sensory papillae (Sp), oral opening (arrow). Scale bar : 
250 um. 
Fig. 2 : Scanning electron micrograph of anterior region showing the 
oral opening (Mo), Ventral pouch (VP) and concentrically 
arranged sensory papillae (Sp) over the tegumental folds. 
Scale bar : 20 um. 
Fig. 3 : Surface annulations (Sa) as revealed by scanning electron 
microscopy. Scale bar : 10 um. 
Fig. 4 : Transmission electron micrograph of the tegument showing 
the Basal infolds (Bf), Syncitial layer (Ts), Interstitial 
material (Int), Muscle (Mu), Tegumental cell (Tc), 
Parenchyma (Par). Scale bar : 3 um. 
Fig. 5 : Transmission electron micrograph showing the abundance of 
mitochondria (Mt) in parenchyma. Scale bar : 1 um. 
IHG 
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chondria were absent not only in the surface syncitium but also in the 
tegumental cells of both the amphistomes. The parenchyma was found closely 
associated with the tegument. 
ina 
DISCUSSION 
It is evident from the present study tliat G_^  explanatum, G. crumenifer 
and S. globipunctata utilize leucine, alanine, proline and methionine under 
in vitro conditions. 
The results obtained by autoradiography suggest that the dissolved 
micromolecular nutrients were absorbed via an extra-alimentary route. It 
seems that the primary route of amino acid uptake and incorporation takes 
place via the tegument as revealed bythe pulse-chase technique employed 
inthe present study. The silver grain distribution was more pronounced in 
the initial chase periods in the tegumental and sub-tegumental regions of 
both the amphistomes under study. However, no such activity was recorded 
in the gut of these parasites. The trans-tegumental absorption of neutral 
amino acids has been reported from a number of parasites like Diclidophora 
merlangi, F. hepatica, S. mansoni, H. diminuta (Mansour, 1959; Senft, 1968; 
Isseroff and Read, 1969; Isseroff ei^ aL, 1972; Lumsden, 1966, 1975; Pappas 
and Read, 1975; Hanna, 1975, 1976; Halton, 1978; Podesta, 1981). Infact, 
tegument of helminths constitutes a primary component of the host-parasite 
interface which is fundamental in parasite nutrition (Smyth, 1973; Mettrick 
and Podesta, 1974; Pappas, 1980). Since labelled amino acids did not appear 
in the gut of the incubated worms, the experiments with ligated amphistomes 
were not caried out. It was presumed that during short term incubations 
the tegument serve as a primary route for the uptake of micromolecular 
nutrients in amphistomes. 
Using the pulse-chase technique, Wilson and Barnes (1979) demonstrated a 
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peak specific activity of ( H) labelled leucine in the tegument after 90 min of 
chase period and then the half of the labelled substrate is being secreted 
to the exterior within 3 hours of chase period. According to Lumsden (1966) 
the autoradiographic studies of amino acids indicate that proteins synthesized 
in the tegument perikarya are subsequently concentrated in the more superficial 
regions of the body surface, and there is a strong evidence from the radiotracer 
studies that the source of the source of the cell surface is secretory bodies. 
(Bennett, 1970; Ito, 1969; Rambourg and Droz, 1969). In another study, it 
has been suggested that there is usually a long delay between the synthesis 
of membrane proteins and their appearance on the cell surface in the mammalian 
liver tissue (Ray £t_ aL, 1968). 
Therefore, in the present study after the 5 min pulse the incorporation 
and distribution of labelled amino acids from the tegument to other regions 
of the body and its subsequent reappearance in the tegumental surface region 
in delayed chase periods suggest that leucine, alanine and proline are differen-
tially associated with the synthesis of secretory bodies in amphistomes. 
Previous autoradiographic studies at the ultrastructural level on ¥_. 
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hepatica also suggest that L- ( H) leucine incorporated by the tegument and 
has been associated with the synthesis of T1 secretory bodies by involving 
the GEE and Golgi complex (Hanna and Threadgold, 1976; Hanna, 1980). 
Thus, the reappearance of ( H) leucine, particularly on the tegumental surface 
of amphistomes may be associated with the T1 tegumental secretory bodies. 
The ultrastructural study of the tegument of G^ . explanatum and G^ . crumenifer 
also confirm the presence of T.I and T2 secretory bodies in these parasites. 
Further, the tegumental infoldings, ridges and furrows increase the surface 
area for absorption of micromolecular nutrients as also reported in other 
trematodes (Parkening and Johnson, 1969; Nollen ei^ aL, 1973; Nadakavukaren 
and Nollen, 1975). Several functions have been enumerated for the surface 
papillae in helminths (Smyth and Halton, 1983). They may serve as chemo-
I C O 
receptors, thus helping the parasites to selectively take up the nutrients. 
It has been further suggested by Podesta (1981) that the tegumental syncitium 
functions as a digestive absorptive surface with specific transport agencies 
which mediate the fluxes of amino acids. 
The other possible reason for the reappearance of radioactivity on the 
tegumental surface in 90 min chase period may also be attributed to the 
secretion/leakage of amino acids as reported from many helminths. Such 
a mechanism appeared to be operative predominantly in G^ explanatum which 
inhabit the bile duct of the definitive host. The hyper secretion of proline 
by F. hepatica was found to be responsible for hosts bile duct hyperplasia, 
which will provide ample opportunity for the successful establishment of infection 
(Isseroff, 1981). Barrett (1981) has further suggested that the excretion of 
amino acids provide a way for detoxification of ammonia. The presence 
of alanine and proline in the protonephridial fluid of Fj_ gigantica has been 
reported by Lutz and Siddiqi (1971). Proline and alanine are abundant in 
the amino acid pool of the liver fluke (Kurelec and Rijavec, 1966), and are 
excreted in the incubation medium by intact worms (Ehrlich et_ aL, 1963; 
Moss, 1970). If secretion/excretion of important molecules is considered 
due to the metabolic overflow on the one hand, it can also be regarded as 
an adaptive feature of parasites in response to their microenvironments. 
The process of secretion/leakage of micromolecules, such as amino 
acids, has often been described as a wasteful process, however, these activities 
may also be regarded as a biochemical strategy of the parasites to ensure 
the optimum establishment of host-parasite relationship. The host-parasite 
interface has been regarded to represent the region of chemical juxta-position 
of regulatory mechanism of both host and parasite (Read et aL, 1963). 
All the amino acids were found to be differentially distributed in different 
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regions of the amphistomes, particularly in ttie organs which are actively 
associated with protein metabolism, for example, in vitellaria and gonads. 
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The high density of L- ( H) leucine and L- ( H) alanine in the young vitelline 
cells of amphistomes, were in agreement with Hanna (1976) who also found 
similar results in F_. hepatica. Irwin and Threadgold (1970) reported that 
vitelline follicles contain clusters of cells in various stages of cytomorphosis, 
whereas Hanna (1976) suggested that the nurse cells may select and transport 
precursors for protein synthesis in the vitelline cells of F_. hepatica. In the 
present study incorporation of amino acids in the longer chase periods was 
also pronounced in the spermatogonia and germinating cells indicating active 
protein metabolism in the gonads of amphistomes. However, no activity 
was recorded in mature sperms. 
The maximum incorporation of amino acids in the lymph system of 
amphistomes with subsequent decline in late chase periods indicate the possibility 
that lymph system which also maintains free amino acid pool, may mobilize 
amino acids for various metabolic requirements of parasites as also pointed 
out by Dunn et^  aL (1985). These authors further presumed that sufficient 
energy for tegumentary functions can be obtained from the parenchyma which 
contains abundant mitochondria and shows intimate relationship with the tegument 
or from the lymph system which displayed intense SDH activity since mito-
chondria were absent in the tegument of the amphistomes (Dunn ei^ aL, 1987). 
Among the various kinetic studies, the time course study revealed 
that uptai<e of 1 mM amino acids followed saturation kinetics with the exception 
3 
of L- ( H) alanine in the rumen amphistome and the intestinal cestode where 
its level decreased after 15 min of incubation. This decline in the amino 
acid level during the late incubation periods could be possibly due to the 
amino acid leakage. 
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Although rumen and intestinal worms under study belong to the different 
taxonomic groups but showed similarity in the order of maximum amino acid 
uptaice which was different from that of the liver amphistome, G^ . explar.atum. 
This difference could be related to the nutritional requirement of the parasites 
inhabiting different microenvironments. Secondly, these variations could be 
due to the osmotic and ionic differences in the microhabitat as Lussier et_ at. 
(1986) pointed out that amino acid uptake by H. diminuta was found sensitive 
to the osmotic and ionic changes in the incubation medium. 
After the amino acids have been absorbed, they may undergo various 
anabolic and catabolic processes (Fig. 4.17) depending upon the individual 
need of an organism. In the absence of a primary energy source, amino 
acids may also be involved in the energy production processes. Among the 
amino acids used in the present study, alanine, methionine and proline are 
glycogenic while leucine is l<etogenic. As a neutral compound, proline can 
readily penetrate the mitochondria to participitate in energy production process. 
In haemoflagellates proline has been found to be metabolised via glutamate 
to 2-oxogIutarate and finally enters the tri-carboxylic acid cycle (Barrett, 
1981). However, further studies are required to ascertain these assumptions 
in amphistomes. 
In helminths, alanine, leucine, methionine and proline are known to 
be primary donor amino acids in the transamination process (see references 
in Chapter VI). These amino acids, in the helminths under study, may also 
be involved in the transamination reactions as 2-oxoglutarate linked transaminases 
were demonstrated in these parasites (see Chapter VI). Therefore, it can 
be suggested that these helminths exhibit an efficient amino acid metabolism. 
Further in amphistomes gluconeogenesis as a metabolic adaptation has also 
been suggested by Yusufi and Siddiqi (1978). 
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In kinetic studies using different amino acid concentrations ranging 
from 0.2 mM to 1.0 mM, it was found that the amino acids were absorbed 
via a mediated process with the involvement of a diffusion component. The 
values of mediated transport were calculated after subtracting the diffusion 
component from the total uptake. The linear portion of the curve at higher 
concentrations was used for the calculation of diffusion component. 
The presence of glycocalyx and thick syncitial layers of tegument of 
amphistomes as revealed from TEM studies indicate that probably these layers 
may be responsible for the diffusion component in the amino acid uptake 
by amphistomes. However, in ^. globipunctata diffusion appeared to be involved 
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only in L- ( H) leucine and L- ( H) alanine while L- ( H) methionine was 
exclusively absorbed via a mediated process. 
It has been suggested that the absorptive surfaces are covered by an 
unstirred, stationary layer which can be crossed by diffusion and this leads 
to over estimation of Kt and Vmax values. Therefore, the uptake values 
should be corrected for the diffusion component and the uncorrected data 
should be considered cautiously (Barrett, 1981). It has been suggested by 
Dunn et^  aL (1987) that glycocalyx covering the absorptive surface may also 
function to minimize mechanical or osmotic damage to the amphistome tegument. 
In addition to this extensive presence of basal infoldings in the tegument 
presumably facilitate osmotic and ionic regulation as postulated for other 
digeneans by Threadgold and Brennan (1978). 
Though all the amino acids used in the present study are non-polar 
and neutral but two of them (leucine and methionine) belong to the essential 
group whereas the other two (alanine and proline) are the non-essential amino 
acids. However, the transport loci in (3. explanatum for the neutral amino 
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acids uptake showed highest affinity for L- ( H) alanine followed by L- ( H) 
3 
leucine and L- ( H) methionine as evident from their Kt values (Table 4.7). 
3 
But the velocity of L- ( H) leucine uptake was higher than the other two 
amino acids. Similar trend with significantly lower values for the uptake 
velocity of amino acids was also found for the rumen amphistome, G^ . crumenifer. 
Slight variation was noticed in the uptake process in cestode, S^ . globipunctata 
3 
where the transport loci exhibit more affinity for L- ( H) leucine than 
3 3 
L- ( H) alanine or L- ( H) methionine. On the basis of these results it can 
be concluded that the metabolic requirement of leucine was very rapid as 
compared to the other two amino acids, particularly in S^ . globipunctata and 
G^ . explanatum. 
Thus the differences in the Kt and Vmax values of the amino acid 
uptake indicate variation in their affinity and uptake velocity reflecting the 
metabolic differences in the parasites under study. Unfortunately competitive 
uptake studies could not be carried out because of the limited quantity of 
the labelled amino acids. However, further studies are required to identify 
the transport loci for these amino acids in the parasites under study. 
The results of the tissue bound activity, particularly, of leucine in 
G^ . explanatum and all the three amino acids in ^. globipunctata indicate 
that these amino acids were rapidly incorporated in tissue proteins or other 
macromolecules (Table 4.8). 
The alterations or differences in Vmax values may be related to the 
varying metabolic needs of the parasites under study. Similarly, Jeffs and 
Arme (1985b) also concluded that changes in Vmax values of amino acid uptake 
reflect the changing metabolic needs in the developing cysticercoids of H. 
diminuta. 
ICG 
Therefore, it can be concluded that in the present study uptake of 
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neutral amino acids, ( H) leucine, ( H) alanine and ( H) methionine, takes 
place via mediated transport with an involvement of the diffusion component. 
The affinity and velocity of uptake vary for the individual amino acid, probabl\ 
reflecting the differences in the metabolic needs of the parasites. 
The results of the present study are in agreement with the previous 
studies carried out on Moniliformis dubius and Macracanthorhynchus hirudinaceus 
(Rothman and Fischer, 1964; Uglegi and Read, 1973), ^. mansoni (Isseroff 
et aL, 1976), Schistosoma spp. (Cornford, 1985), U_. diminuta (Read eX^ aL, 
1963; Pappas and Read, 1975; Jeffs and Arme, 1985a, b), E. granulosus pro-
toscoleces (Jeffs and Arme, 1986, 1987), whereas in adult H^ . diminuta amino 
acids have been reported to be absorbed by a combination of mediated and 
passive transport (Kilejian, 1966; Pappas and Gamble, 1980). In addition to 
these reports, active transport of amino acids has also been reported in ^. 
mansoni (Isseroff et^ al_., 1976 ), protoscoleces of E^. granulosus (Jeffs and 
Arme, 1987). 
However, further studies are required to investigate the competitive 
uptake of these amino acids to identify and characterize the transport loci 
and also to see the effect of various metabolic modulators on the transport 
constants of these amino acids. 
The results on the uptake of amino acids in which a fixed concentration 
of labelled ammo acids in presence of various concentrations of their unlabelled 
homologues were used, further confirmed that the uptake in helminths under 
study not only follows a saturation kinetics but also involves a carrier mediated 
transport. In a similarly designed experiment, Cornford (1985) also reported 
similar results for the uptake of various amino acids by Schistosoma spp. 
in? 
Several enzymes are known to be involved in the transport process 
(Lumsden, 1975). As Uglem et_ aL (1973) have also investigated the surface 
amino peptidases in relation to the amino acid uptake in Moniliformis dubius. 
Lumsden (1975) has comprehensively reviewed the various aspects of mediated 
transport and pointed out the involvement of enzymes as carrier in the transport 
of amino acids across the tegument. The presence of -glutamyl transpeptidase 
in helminths under study (see Chapter VI), which is primarily responsible for 
amino acid transport across the membranes, further support the involvement 
of carrier in the tegumental uptake of amino acids. The decline in the uptake 
of leucine and alanine at high concentrations in G_. explanatum and leucine 
and methionine in S^ . globipunctata could be possibly due to the efflux of 
amino acids (Figs. 4.14 and 4.16). However, further studies are required 
on the counter exchange or bidirectional flux, nature of the carriers involved, 
energy requirements and ion coupled transport of amino acids in helminths 
under study. 
Though the mode of transport was partially characterized in the present 
study, several questions also arise after going through the present results. 
First of all it should be investigated whether the uptake process in these 
parasites involve energy or not? and if it is involved then what would be 
the possible source of energy, particularly in transmembranosis as mitochondria 
were absent in the tegument. The involvement of incorporated amino acids 
in the immunogenic secretory bodies, the transport loci with stereospecificity 
of the uptake sites and preferrential uptake of various amino acids need 
further studies. Finally the metabolic fate of amino acids after they are 
being absorbed, should be under taken to understand the nature of protein 
metabolism. 
C H A P T E R - V 
ANALYSIS OF EXCRETORY/SECRETORY PRODUCTS 
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INTRODUCTION 
In order to maintain homeostasis the excretory physiology is equally 
important as other metabolic processes in an organism. The normal physiological 
state can only be maintained if the toxic end products of the metabolism 
are regularly removed by the excretory processes. The excretory system 
also plays an important role in maintaining the redox couple and ionic balance, 
as well as regulate the body water content. 
Besides general biosynthetic processes, studies on the excretory physiology 
is important from pathophysiological point of view. The excretory/secretory 
products of the parasites have been found to produce severe pathological 
disorders in the host. The hyper secretion of proline by the worms, particularly 
Fasciola spp. and Schistosomes spp., is the key problem of collagen deposition 
in liver and also causes bile duct hyperplasia (Dunn, 1981; Isseroff, 1981). 
Parasites are known to excrete a variety of metabolic end products 
originating from the breakdown of carbohydrates, proteins and lipids. If the 
end products of carbohydrate metabolism are continuously accumulated, the 
intra-cellular redox-ratio of NAD /NADH, will continue to fall leading to 
the inhibition of glycolysis. In order to avoid this the end products are excreted 
(Barrett, 1984). The ability to excrete a range of end products, helminths 
show a degree of flexibility in balancing their redox-couple. 
During the the completion of their life cycle, helminths have to pass 
through diversified microenvironments, where excretory and osmoregulatory 
systems of the parasites play an important role in the successful establishment 
of host-parasite relationship. The nature of excretory products also reflect 
the type of metabolism operating in a particular parasite. 
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The excretory/secretory products of helminths are not only important 
from the metabolic poin of view but they may also contain antigenic proteins, 
micro-molecular nutrients, various enzymes, etc. Therefore, the excretory/ 
secretory metabolism of helminths may provide ample avenues and stimulus 
for various investigations. The nitrogen turnover is important in parasitic 
helminths because of their enormous fecundity rate for which they may also 
require substantial amount of energy. Depending upon their metabolic require-
ments various carbohydrates and proteins are utilised by the parasites, and 
as a result a wide variety of organic acids and other metabolic end products 
are excreted. 
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LITERATURE REVIEW 
Studies on the excertory metabolism have been comprehensively reviewed 
by a number workers (Von Brand, 1973, 1979; Chappell, 1980; Barrett, 1981; 
Smyth and Halton, 1983). The investigations on the degradation processes 
continued for quite a long time until the interest of workers shifted to the 
intermediary metabolism. 
In parasitic helminths fermentation pathways predominate and lead 
to the formation of various partially oxidized end products. The excretion 
of lactic and pyruvic acids and ammonia have been reported from both cysticerci 
as well as adult Taenia taeniforimis. More ammonia-nitrogen was excreted 
anaerobically than aerobically and glucose was found to be excreted in the 
medium (Von Brand and Bowman, 1961). Goil (1958) reported ammonia and 
uric acid but no urea excretion by Paramphistomum explanatum, G^ . crumenifer 
and F_. gigantica. However, in another study, amino acids, ammonia and 
urea were detected among the nitrogenous end products in the protonephridial 
fluid of F_. gigantica ((Lutz and Siddiqi, 1971). The analysis of the excretorv 
products of ¥_. hepatica revealed that the small flukes produce more ammonia 
per unit body weight than do the larger flukes under aerobic and anaerobic 
conditions. Further the worms produce between 21% and 30% of its excretory 
nitrogen as urea beside a large amount of amino acids. The addition of 
glucose in the incubation media produced a marked decrease in the ammonia 
and an increase in the lactic acid excretion, suggesting that flukes are not 
obligatory protein feeders but they utilize carbohydrates primarily when available 
(Moss, 1970). 
The nitrogenous end products have also been reported from the proto-
nephridial canal fluid of the cestode U_. diminuta which excrete ammonia. 
urea, amino acids and soluble proteins (Webster and Wilson, 1970). According 
to Webster (1972) the urea from the nephridial fluid of H_. diminuta can be 
absorbed through the passive process, indicating the possibility that the excretory 
products of nitrogen metabolism can be reutilized by the parasitic platyhelminths. 
Though Campbell (1963) reported the presence of ornithine cycle enzymes 
responsible for urea production in H_. diminuta, but the carbamyl phosphate 
and ornithine transcarbamylase were not detected in F_. hepatica, Moneizia 
benedeni and Paramphistomum cervi (Kurelec, 1972). However, arginase, 
which is a key enzyme of the urea cycle, is widely distributed in trematodes, 
cestodes and nematodes (Barrett, 1981). It is generally presumed that urea 
excreted by the parasitic helminths comes from the cleavage of dietary arginine 
by arginase, and the other source could be the breakdown of allantoic acid 
which is derived from the cleavage of purine nucleotides. The urea excretion 
by parasitic helminths indicate a low water turn-over rate in worms since 
it is less toxic than ammonia (Webster and Wilson, 1970). Further, the 
trematodes have also been considered as osmoconformers (Siddiqi, e_^  aL, 1975). 
Lactic acid is the most important end products of fermentative metabolism, 
and it has been found to be excreted, by S^. mansoni (Bueding, 1950), F^. hepatica 
(Mansour, 1959; Moss, 1970; Saz, 1981; Lloyd and Barrett, 1983), R gigantica 
(Goil, 1961), H_. diminuta (Read, 1956; Webster and Wilson, 1970; Webster, 
1971), protoscoleces of E. granulosus (Agosin, 1957; McManus and Smyth, 
1978), Moniliformis dubius (Laurie, 1959) cysticerci and adult T. taeniformis 
(Von Brand and Bowman, 1961). 
The relative importance of lactic acid was greater when the incubation 
medium contained glucose, because the lactic acid production is increased 
in the presence of glucose (Moss, 1970; Korting and Barrett, 1977; Ovington 
and Bryant, 1981; Lloyd and Barrett, 1983). The high LDH activity in buffalo 
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amphistomes indicates the importance of anaerobic breakdown of carbohydrates 
(Yusufi and Siddiqi, 1978). According to Kohler and Stahel (1972), high rate 
of lactic acid produced in ^ dendriticum could be derived from the glyco-
lytically formed pyruvate, as LDH concentration has been found to be higher 
in trematodes. However, very few reports are available on the pyruvate 
excretion by helminths in the aerobic as well as anaerobic metabolism (Agosin, 
1957; Von Brand and Bowman, 1961). Further, Nizami and Siddiqi (1976) 
also reported lactate and pyruvate in the incubates of Isoparorchis hypselobagri 
during aerobic _ni vitro survival studies. 
It is evident from the foregoing review that very limited information 
IS available on the excretory/secretory physiology of helminths and little 
IS known particularly, about the amphistomes and anoplocephalid cestodes. 
Several species of trematodes have been reported to secrete acetyl-
cholinesterase dduring ^H vitro incubations and it was proposed by Nizami 
et^  aL (1977) that the acetylecholinesterase (AChE) release may be a biochemical 
adaptation of the parasites to counteract peristalsis particularly in the parasites 
of gastrointestinal tract. 'n nematodes, AChE secretion is considered as 
"biochemical holdfast (Lee, 1970) and may be involved in antigenicity and 
pathophysiology (Ogilvie e^ ^L, 1973). 
In some parasites the release of proteolytic enzymes in the culture 
medium indicate the occurrence of extracorporeal digestion. Such secretions 
may also assist during penetration and migration of parasites thiough the 
host tissues (Von Brand, 1973). A number of larval as well as adult helminths 
have been reported to secrete such proteases (Von Brand, 1973, 1979; Mathews, 
1977, 1982, 1984; Croll el^  aj_., 1980). In recent studies the source of secretion 
of these enzymes, in parasites has also been investigated by using ligation 
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technique (Mathews, 1984). Thorson (1956) found pronounced proteolytic activity 
is oesophageal extracts Ancylostoma caninum, that may play a role in extra-
corporeal digestion. Chitwood (1938) reported the presence of protease activity 
in the oesophageal region of Ascaris spp., however, Von Brand (1973) raised 
serious doubt about its function as this worm is probably non tissue feeder. 
It is an established fact that the knowledge of basic metabolism of 
parasites is a prerequisite for applying effective chemotherapeutic control. 
Therefore, it was decided to analyse the excretory/secretory products, which 
reflect the nature of metabolism of parasites during 20. vitro incubations in 
the presence or absence of nutrients. 
For the present study, two amphistomes, G^ . explanatum and G. crumenifer 
and the anoplocephalid cestode, S^ globipunctata were used. Various nitrogenous 
end products as well as the end products of carbohydrate metabolism which 
are excreted into the medium have been analysed. Secretion of non-specific 
proteases has also been investigated in two amphistomes, occupying two different 
habitats within the same host in order to see the differences in the secretion 
of proteases as a result of inhabiting different microenvironments. 
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MATERIALS AND METHODS 
For the analysis of excretory/secretory products, two amphistomes, 
G. explanatum and G^ crumenifer, and a cestode ^ globipunctata were collected 
as described earlier. The worms were washed in three changes of Hank's 
0 
medium without glucose, pH 7.4, pre-maintained at 37 ± 2 C. 
Following washing about 40 worms of each amphistome species were 
separately incubated in 50 ml of Hank's medium, for 3, 6, 9 and 12 hours, 
0 
at 37 ± 2 C, whereas 10 complete worms with strobila of ^ globipunctata 
0 
were incubated in 25 ml of Hank's at 37 ± 2 C for the same time period 
as in trematodes. In order to see the influence of glucose on the excretory/ 
secretory products, the parasites were incubated in the presence or absence 
of 5 mM glucose in the incubation medium. 
After the incubation, the worms were removed from culture vessels 
0 
and damp dried on filter papers and kept for drying at 90 C for the estimation 
of dry weight. The incubation medium was centrifuged at 3000 x g for 10 min 
to remove eggs and debris. The clear incubates were used for the estimation 
of ammonia, urea, uric acid, lactic and pyruvic acids and non-specific proteases. 
The glucose uptake and leakage was also determined. The changes in the 
pH and redox potential of the incubation medium were also determined on 
Unitech Digital pH meter (model DPH 77). 
Nitrogenous end products: 
Ammonia was estimated by the colorimetric method using Nessler's 
reagent (Kingsley and Tagar, 1970). A sample blank and standard were run 
simultaneously with the test samples. The change in absorbance was recorded 
at 420 nm against water while instrument was calibrated with blank containing 
distilled water and Nessler's reagent. 
The other nitrogenous excretory product, urea, was estimated by urea 
assay kit (CSIR Centre for Biochemicals, V.P. Chest-Institute, Delhi). The 
reagents were prepared as described in the technical manual, and the reaction 
0 
mixture as incubated in water bath at 100 C for 12 min followed by cooling 
under tap water for 5 min before tai<ing the readings at 540 nm against 
the sample blank. The quantitative estimation was done using the standard 
values for calculations. The sensitivity of this method has been reported 
in close agreement with enzymatic method using urease (technical manual, 
CSIR Centre for Biochemicals, Delhi). 
Uric acid was also determined according to diagnostic kit, based on 
the method of Carraway (1963), utilizing the principle of reduction of phospho-
tungstate by uric acid. All the reagents were prepared as described in the 
technical manual and the reaction mixture was mixed thoroughly and allowed 
to stand exactly for 30 min at room temperature. The absorbance of test 
samples and standard as measured at 700 nm against blank. 
The values for ammonia, urea and uric acid have been expressed as 
mg/gm dry weight of worms. 
Lactate estimation: 
The lactate was estimated by the method of Bergmeyer, (1974) and 
the typical assay mixtures contained in a final volume of 2.92 ml, glycine 
hydrazine buffer (0.43 M and 0.34 M, respectively), 2.75 mM NADH, and 
the absorbance ( ^ E )^ at 340 nm on Sepectronic-1001 was recorded after 
addition of deproteinized sample. Following the addition of LDH suspension 
(15 units/ml) the assay mixture was allowed to stand for 30 min at 37 C, 
before taking the extinction ( A L^) values. A sample blank test was run 
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simultaneously whose values were subtracted from the extinction difference 
values ( A E) for the sample. The activity was expressed as umoles NADH 
oxidized/gm dry weight. 
Pyruvate estimation; 
Pyruvate in the incubation medium was estimated by the spectrophoto-
metric method of Bergmeyer (1974). The typical assay mixture contained 
300 mM triethanolamine buffer, pH 7.4, containing 3 mM EDTA; 0.1 m.M 
NADH and incubation medium. The reaction was started by addition of LDH 
suspension (2.75 units/ml) and the change in absorbance at 340 nm, indicating 
the utilization of NADH was recorded. The values were extrapolated to 
the time before and after LDH addition and the difference in the absorbance 
( A E) was used for the calculation of pyruvate activity. The values have 
been expressed as umoles NADH oxidized/gm dry weight. 
Glucose estimation: 
Incubates were used for the estimation of glucose uptake or leakage 
by the Peroxidase Glucose Oxidase (PGO) enzymatic method (Raabo and 
Terkildsen, 1960). The PGO reagent was prepared by dissolving the contents 
of one PGO capsule (containing 500 lU glucose oxidase, 100 purpurogallin units 
of peroxidase and buffer salts) in 100 ml of double distilled water. To this 
solution, 1.6 ml of 196 0-dianisidine in 95% ethanol was added and stored 
0 
at 4 C. Suitable aliquots were taken from the incubates and 5 ml of PGO 
reagent was added and thoroughly mixed on cyclomixer. The tubes were 
0 
incubated at 37 ± 2 0 for 30 niin and the colour intensity was measured 
at 430 nm on Spectronic-1001. The quantity of glucose present after incubation 
of worms was determined. The difference in the absorbance of control and 
experimental values gave the quantity of glucose utilized by the worms. 
The glucose content was estimated with reference to a previously calibrated 
1 ( ( 
Standard curve. The medium without glucose was also checked for the glucose 
leakage from the parasites. The values have been expressed as mg/gm dry 
weight. 
Estimation of non-specific proteases: 
The release of non-specific proteolytic enzymes has been investigated 
in amphistomes according to the method of Mathews (1984). Mature G^ . explanatum 
and G. crumenifer were incubated in Hank's medium, pH 7.4, premaintained 
0 
at 37 ± 2 C, containing AzocoU (Sigma Chemical Co., USA) in the concentration 
of 5 mg/ml. The worms were divided into two groups. One group of worms 
were ligated carefully with fine nylon bristle to avoid any damage due to 
ligation followed by incubation in the presence of Azocoll, whereas the other 
group of worms were incubated un-ligated in order to find out the differences 
in the release of proteases through the alimentary and extra-alimentary route. 
At periodic intervals the tubes containing the incubation medium were centri-
fuged at 1000 x g for one minute, 2.0 ml of supernatant cotaining the released 
dye was removed and its absorbance was measured at 520 nm on Spectronic-
1001. Following measurement the samples were returned to their respective 
tubes for further incubation. 
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RESULTS 
During the JH vitro incubations, helminths under study have been found 
to excrete/secrete a number of organic compounds which are the end products 
of various metabolic pathways. The results have been summarized in Table 
5.1 - 5.10 and Figures 5.1 - 5.10. 
It was observed that the excertory/secretory products of the liver 
fluke G^ explanatum alter the pH and redox-potential ( i" h) of the incubation 
medium (Table 5.1). The changes were more pronounced when the worms 
were incubated in presence of glucose where pH is lowered to 4.25 from 
7.3 while the Ch increases to +140 mV from -45 mV. In the absence of 
glucose there is a small change in the pH as well as £ h (Table 5.1). 
Whereas, in G_^  crumenifer, the changes in pH and £ h are not as pro-
nounced as in liver amphistome. Due to the excretory/secretory products 
the pH is lowered to 5.7 from 7.3 andd the £ h was raised to +60 mV in 
12 h incubation. In the absence of glucose from the medium, the metabolic 
end products do not significantly alter the pH and oxidation reduction potential 
of the medium (Table 5.2). 
As compared to the rumen trematode, the excretory/secretory products 
of the goat cestode, ^ globipunctata, cause pronounced decline in the pli 
with simultaneous increase in the £ h of the incubation medium containing 
glucose. In 9 h of incubation pH was 4.45 whereas in 12 h incubation it 
was slightly raised to 4.60. However, the change in the pH and £ h of medium 
devoid of glucose was in a very narrow range (Table 5.3). Such variations 
in the pH and £ h indicate the influence of glucose on the excretory/secretory 
activity of the parasites during in vitro incubations. 
^ Q 17[] 
Table - 5.1 : Changes in the pH and redox potential of the medium following 
incubation of Gigantocotyle explanatum. 
Incubation 
Time 
With Glucose 
pH ± £ h X 100 
Without Glucose 
pH ± £ h X 100 
Control 7.30 -0.45 7.25 -0.35 
3 h 
6 h 
9 h 
12 h 
6.00 
5.10 
4.60 
4.25 
+0.40 
+0.90 
+ 1.20 
+ 1.40 
7.10 
6.75 
6.65 
6.15 
-0.30 
-0.15 
+ 0.10 
+0.10 
i 8U 
Table - 5.2 : Changes in the pH and redox potential of the medium following 
incubation of Gastrothylax crumenifer. 
Incubation 
Time 
With 
pH 
Glucose 
± £h X 100 
Without Glucose 
pH ± £ h X 100 
Control 7.30 -0.45 7.30 -0.45 
3 h 
6 h 
9 h 
12 h 
7.30 
7.10 
6.25 
5.70 
-0.45 
-0.20 
+0.25 
+0.60 
7.10 
7.10 
7.20 
6.43 
-0.30 
-0.30 
-0.35 
+0.15 
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Table - 5.3 : Changes in the pH and redox potential of the medium following 
incubation of Stilesia globipunctata. 
Incubation With Glucose Without Glucose 
^^^^ pH ± i h X 100 pH ± £ h X 100 
Control 7.30 -0.45 7.30 -0.45 
3 h 
6 h 
9 h 
12 h 
5.58 
4.80 
4.45 
4.60 
+0.60 
+ 1.20 
+ 1.40 
+ 1.20 
7.10 
7.02 
7.00 
6.84 
-0.30 
-0.05 
-0.05 
+0.10 
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Since helminths have been found to excrete a wide range of end products 
of various metabolic pathways, a number of compounds were also detected 
in the present study, particularly, ammonia, urea, uric acid, lactate and pyruvate. 
In the present study individual variations in the level of these compounds 
or differences with respect to the incubation time have been noticed. 
Among the nitrogenous end products of GN_ explanatum, the level of 
excretory substances was found in the order of: urea > ammonia > uric acid. 
The presence or absence of glucose in the incubation medium does not alter 
this order, however, quantitative differences were noticed in the two conditions 
(Tables 5.4 and 5.5). In G^ crumenifer, only urea and ammonia were found 
while uric acid was absent in presence or absence of glucose (Fables 5.6 
and 5,7). Similarly uric acid was not detected in the incubates of S. 
globipunctata (Tables 5.8 and 5.9). 
The level of lactate as an end product of carbohydrate metabolism, 
was found much higher than pyruvate in all the parasites under study except 
G. crumenifer which do not excrete lactate when incubated in the Hank's 
medium devoid of glucose (Table 5.7). 
The results of glucose uptake reveal that liver amphistome, G^ explanatum 
and the goat cestode ^ globipunctata substantially utilize glucose from the 
medium during the _ni vitro incubation. The uptake of glucose increases with 
respect to the time to incubation, however, it fluctuates in a very narrow 
range in the cestode (Table 5.10). The rumen trematode, G. crumenifer utilizes 
very little glucose from the medium. When these worms were incubated 
in the absence of glucose, the glucose leakage from the parasites was recorded 
in the following order: S. globipunctata ^ G. explanatum \ G. crumenifer (Table 
5.10). 
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Table - 5.4 : Excretory products of Gigantocotyle explanatum during JH v'tro 
incubation in presence of glucose. 
Incubation 
Time 
3 h 
6 h 
9 h 
12 h 
Ammonia 
0.302 
±0.009 
0.486 
±0.018 
0.806 
±0.033 
1.222 
±0.086 
Urea 
2.293 
±0.097 
3.486 
±0.911 
5.221 
±0.863 
4.494 
+0.554 
Excretory 
Uric Acid 
0.147 
±0.054 
0.224 
±0.036 
0.201 
±0.028 
0.185 
±0.033 
Products 
+ 
Lactate 
13.988 
± 1.216 
44.004 
± 6.186 
49.547 
± 3.181 
63.625 
+ 4.932 
+ 
Pyruvate 
0.135 
±0.018 
0.222 
±0.033 
0.308 
±0.029 
0.345 
±0.011 
* mg/gm dry weight 
+ Aimoles NADH oxidised/gm dry weight 
All the values are mean of four separate determinations ± SEM 
1 C, \ 
Table - 5.5 : Excretory products of Gigantocotyle explanatum during jn vitro 
incubation in the absence of glucose. 
Incubation 
Time 
3 h 
6 h 
9 h 
12 h 
* 
Ammonia 
0.308 
±0.003 
0.936 
±0.029 
1.170 
±0.018 
1.881 
±0.103 
* 
Urea 
1.872 
±0.432 
6.377 
±1.014 
6.340 
±0.986 
5.720 
±0.881 
Excretory 
Uric Acid 
0.108 
±0.039 
0.196 
±0.028 
0.182 
±0.038 
0.184 
±0.036 
Products 
+ 
Lactate 
0.916 
±0.086 
2.180 
±0.350 
5.713 
±0.211 
8.416 
±0.221 
+ 
Pyruvate 
0.088 
±0.019 
0.277 
±0.005 
0.184 
±0.013 
0.343 
±0.021 
* mg/gm dry weight 
+ /umoles NADH oxidised/gm dry weight 
All the values are mean of four separate determinations ± SEM. 
Table - 5.6 : Excretory products of Gastrothylax crumenifer during jn vitro 
incubation in the presence of glucose. 
Incubation 
Time 
3 h 
6 h 
9 h 
12 h 
* 
Ammonia 
0.131 
±0.033 
0.175 
±0.058 
0.152 
±0.061 
0.172 
±0.019 
* 
Urea 
0.194 
±0.010 
0.212 
±0.018 
0.177 
±0.043 
0.120 
±0.008 
Excretory products 
* + 
Uric Acid Lactate 
1.760 
±0.091 
1.720 
±0.103 
2.093 
±0.116 
2.167 
±0.087 
Pyruvate 
0.284 
±0.031 
0.358 
±0.081 
0.360 
±0.022 
0.178 
±0.019 
* mg/gm dry weight 
+ Aimoles NADH oxidised/gm dry weight 
- Not detected 
All the values are mean of four separate determinations ± SEM 
laG 
Table - 5.7 : Excretory products of Gastrothylax erumenifer during jn vitro 
incubations in the absence of glucose. 
Incubation 
Time 
Ammonia 
Excretory Products 
Urea Uric Acid Lactate Pyruvate 
3 h 
6 h 
9 h 
12 h 
0.246 
±0.010 
0.256 
±0.030 
0.251 
±0.021 
0.305 
±0.043 
0.244 
±0.019 
0.468 
±0.010 
0.386 
±0.024 
0.188 
±0.020 
0.134 
±0.021 
0.529 
±0.012 
0.531 
±0.009 
0.421 
±0.011 
* mg/gm dry weight 
+ Aimoles NADH oxidised/gm dry weight 
- Not detected 
All the values are mean of four separate determinations ± SEM 
1 I', ^~l 
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Table - 5.8 : Excretory products of Stilesia globipunctata during jn vitro 
incubation in the presence of glucose. 
Incubation 
Time 
Ammonia 
Excretory Products 
Urea Uric Acid Lactate Pyruvate 
3 h 
6 h 
9 h 
12 h 
0.236 
±0.090 
0.364 
±0.084 
0.533 
±0.098 
0.589 
±0.044 
0.265 
±0.085 
0.398 
±0.098 
0.582 
±0.126 
0.641 
±0,118 
10.782 
± 0.861 
9.671 
± 1.131 
11.552 
± 0.933 
10.350 
± 0.744 
0.425 
±0.020 
0.681 
±0.090 
0.987 
±0.082 
1.146 
±0.018 
* mg/gm dry weight 
+ /umoles NADH oxidised/gm dry weight 
- Not detected 
All the values are mean of three separate determinations ± SEM 
i o 8 
Table -5.9 : Excretory products of Stilesia globipunctata during the JH vitro 
incubation in absence of glucose. 
Incubation 
Time 
3 h 
6 h 
9 h 
12 h 
* 
Ammonia 
0.398 
±0.042 
0.710 
±0.029 
0.963 
±0.036 
1.001 
±0.081 
* 
Urea 
0.310 
±0.039 
0.512 
±0.081 
0.809 
±0.078 
0.988 
±0.084 
Excretory Products 
* + 
Uric Acid Lactate 
1.902 
±0.335 
1.918 
±0.404 
1.851 
±0.036 
1.785 
±0.055 
+ 
Pyruvate 
0.161 
±0.036 
0.198 
±0.051 
0.215 
±0.044 
0.243 
±0.026 
* mg/gm dry weight 
+ /umoles NADH oxidised/gm dry weight 
- Not detected 
All the values are mean of three separate determination ± SEM 
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On comparing the individual excretory product in the three parasites 
under study, it was found that the liver trematode produces highest amount 
of ammonia followed by the cestode and rumen trematode (Fig. 5.1). There 
was a steady increase in the ammonia level up to 12 h of incubation of G. 
explanatum and S^ globipunctata. However, maximum ammonia production 
by G^ crumenifer was recorded in 6 h incubate, thereafter, it declines slightly 
and maintains a steady state up to 12 h of incubation (Fig. 5.1). When the 
worms were incubated in the absence of glucose, the level of ammonia produc-
tion increases in all the three parasites (Fig. 5.2). 
All the three parasites have been found to excrete urea during jji vitro 
incubation in the presence of glucose. In Q^ explanatum the maximum urea 
production was recorded in 9 h incubate followed by a decline in 12 h (Table 
5.4, Fig. 5.3). The other amphistome, G^ crumenifer produces relatively very 
small quantity of urea, with an increasing trend up to 6 h and thereafter, 
the level declines (Table 5,4 and Fig. 5.3). Whereas a continuous increase 
in the level of urea production was recorded up to 12 h of incubation in 
S. globipunctata (Table 5.8 and Fig. 5.3). 
When the parasites were incubated in absence of glucose there was 
a substantial increase in the level of urea production, though, the over all 
pattern remains the same as in the presence of glucose. In amphistomes 
the maximum urea was produced in 6 h and thereafter it declines slightly. 
However, in liver trematode the level was much higher than the rumen parasite 
under study (Tables 5.4, 5.7 and Fig. 5.4). In S^ globipunctata a maximum 
level of urea was found in 12 h incubation period (Table 5.9 and Fig. 5.4). 
The uric acid as an end product of protein metabolism was only found 
in the detectable quantity in case of G^ explanatum whereas it was totally 
absent in the incubates of G^ crumenifer and ^ globipunctata. The pattern 
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of excretion of uric acid by Gj_ explanatum was found to be different from 
that of urea and ammonia. It can be seen from the results presented in 
Tables 5.4, 5.5 and Fig. 5.5, that the uric acid production by O^ explanatum 
was higher when the worms were incubated with glucose. However, relatively 
low quantity of uric acid was found in the absence of glucose, whereas the 
maximum level was recorded in 6 h followed by slight decrease in subsequent 
incuabtion periods. 
Among the major end products of carbohydrate metabolism, lactate 
and pyruvate were found to be excreted by all the three parasites under 
study. The order of excretion/secretion of lactate in the presence of glucose 
was in the following order: G^ explanatum y S. glubipunctata y G. crumenifer, 
(Fig. 5.6), whereas in the absence of glucose only G^ explanatum and S. 
globipunctata excrete lactate (Fig. 5.7). In the absence of glucose, there 
was a steady rise in the level of lactate production by G^ explanatum with 
increasing time of incubations, whereas in ^ globipunctata the maximum lactate 
production was recorded in 3 h incubate and thereafter its level declines 
in the subsequent incubation periods (Fig. 5.7). 
The pyruvate excretion is also influenced by the presence or absence of 
glucose in the incubation media (Fig. 5.8 and 5.9). In the presence of glucose, 
the cestodes S^ globipunctata excrete highest amount of pyruvate which continues 
to increase in G^ explanatum and in S^ globipunctata with respect in incubation 
time, whereas in G^ crumenifer, pyruvate level increases only up to 9 h and 
thereafter a significant decline was recorded (Fig. 5.8). However, in the 
absence of glucose, the level of pyruvate excretion is altered in all the three 
parasites (Fig. 5.9). It was found that G. crumenifer excretes maximum pyruvate 
in 9 h followed by a subsequent decline in 12 h (Table 5.7 and Fig. 5.9). 
In Gj_ explanatum and S^ globipunctata the maximum pyruvate level was detected 
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in 12 h incubate (Tables 5.5 and 5.9, and Fig. 5.9). 
Helminths have been found to utilize micromolecular nutrients from 
the incubation medium as well as excrete/secrete metabolically important 
substances into the medium. In the present study, all the worms utilize 
glucose when present in the incubation medium. The highest level of uptake 
was noticed in ^ globipunctata followed by G^ explanatum and Gj_ crumenifer 
(Table 5.10). Similarly the glucose leakage was also maximum in the incubates 
of S^ globipunctata as compared to Gj_ explanatum and Gj_ crumenifer. 
In Vitro release of non-specific proteases: 
To investigate the release of proteolytic enzymes during _m vitro incuba-
tions, the ligated and unligated G^ explanatum and G_^  crumenifer were incubated 
in presence of Azocoll. The results of the present investigations reveal that 
the release of non-specific proteases by these worms were proportional to 
the quantity of dye released due to the enzymatic hydrolysis of Azocoll. 
It was observed that both the amphistomes release proteolytic enzymes, however, 
quantitatively, the liver amphistome produces greater amount of enzyme as 
compared to rumen amphistome. It has been observed that the ligated worms 
secrete more enzyme as compared to the unligated worms. There was a 
linear increase in the enzyme secretion with the increasing time of incubation 
in both ligated and unligated conditions (Fig. 5.10). 
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DISCUSSION 
The results of the present investigations revealed that G^ explanatum 
and G. crumenifer infecting buffalo liver and rumen respectively, and the 
cestode, S^ globipunctata, inhabiting the goat intestine, excrete a number 
of end products of protein and carbohydrate metabolism during their jri vitro 
incubations. The accumulation of excretory products lead to the changes 
in the pH and redox-potential of the medium. However, quantitative differences 
in the level of excretory products were also noticed among the three helminths 
under study. 
The changes in the pH with respect to the increasing incubation time 
have been found to be inversely proportional. The decline in pH indicates 
that the helminths excrete greater amount of organic acids when incubated 
in presence of glucose in the Hank's medium. The decline in pH was more 
pronounced in G^ explanatum and S^ globipunctata as compared to G^ crumenifer. 
The slight changes in the pH and - h in absence of glucose indicate lower 
level of acids production. However, the production of large amounts of organic 
acids in presence of glucose poses pH problems for the survival of helminths 
under Jji vitro conditions. It is possible that under _m vivo conditions the 
influence of pH is reduced by habitat contents which may dilute the concentra-
tion of the excretory products. 
The parasitic helminths inhabiting gastro-intestinal tract are exposed 
to a low redox-potential (-100 mV to -200 mV) which is too low for the adequate 
functioning of a typical cytochrome system. Therefore, low redox-potential 
may influence the parasite metabolism, which lead to develop the modified 
cytochrome system (Barrett, 1981), and hence there could be a metabolic 
shift in parasites leading to the changes in the end products. On the basis 
of changes in the pH and £ h, it can be suggested that there might be a 
qualitative as well as quantitative difference in the excretory products of 
helminths during jn vitro incubation. Further, it was observed that the rumen 
trematode G^ crumenifer can withstand longer to the low pli as compared 
to liver and intestinal worms. 
The excretion of ammonia and urea indicate the presence of active 
nitrogen metabolism in these parasites. However, uric acid excretion was 
found only in the liver amphistome G_^ explanatum, which also excrete greater 
amount of ammonia as compared to the other two parasites under study. 
There was a steady increase in ammonia excretion by Gj_ explanatum and 
S. globipunctata up to 12 h incubation, whereas in rumen trematode the increase 
or decrease in the level of ammonia during three hour interval can be correlated 
with the physico-chemical nature of habitat. The decline in its level indicate 
that possibly it is re-utilized by the rumen trematode. It could be a biochemical 
adaptation as Gj_ crumenifer inhabits the buffalo rumen where free ammonia 
is available in large quantities. The other possible reason for ammonia utiliza-
tion by the parasite could be_ the reductive amination of XL -ketoglutarate 
as it has been reported in amphistomes (Abidi and Nizami, 1986). Hence, 
an apreciable quantity of ammonia can be salvaged via the glutamale dehydro-
genase reaction or it may enter the ornithine cycle for urea production. 
Further, the high production of ammonia with respect to time suggest that 
in absence of sugar the protein catabolism become more efficient. Goil 
(1958) also reported ammonia excretion by Paramphistomum explanatum, C. 
crumenifer and R^ gigantica, however, the variation in the results from the 
present study might be due to a number of factors, like the experimental 
design, physiological and reproductive state of the amphistomes. Moss (1970) 
has also reported that small flukes produce more ammonia per unit body 
weight than the larger flukes of R^ hepatica. Ammonia excretion as an end 
product of nitrogen metabolism has also been reported in F\_ gigantica and 
_H^ diminuta (Lutz and Siddiqi, 1971; Webster, 1971; Webster and Wilson, 1970). 
The cyst icerci and adult Taenia taeniformis also excrete ammonia which was 
excreted more under anaerobic than aerobic conditions (Von Brand and Bowman, 
1961). The major source of ammonia production in parasitic helminths is 
probably the oxidative deaminaton of glutamate or alanine (Barret t , 1981). 
Another source could be the cleavage of urea leading to the production of 
ammonia and carbon dioxide (Simmons, 1970), since the restr icted distr ibut ion 
of urease has also been reported from helminths (Von Brand, 1973). 
Urea constitutes the other major nitrogenous excretory product in the 
three helminths under study. The l iver amphistome excretes greater quanti ty 
of urea as compared to the rumen and intestinal parasites. In the absence 
of glucose, the level of urea excretion increased tremendously in al l the 
three parasites wi th dist inct individual variations. Contrary to this Goil 
(1958) reported absence of urea in the excretion of V_^ epic l i tum, F. gigantica 
and G^ crumenifer. This may be due to the dif ference in the assay method 
because the present method involving the principle of diacetylmonoxime 
with urea has been used. In other studies urea has been detected in the 
protonephridial f luid of F\_ gigantica (Lutz and Siddiqi, 1971), J j ^ diminuta 
(Webster and Wilson, 1971; Campbell, 1963) and F\_ hepatica (Moss, 1970). 
The urea excretion by helminths may come from the cleavage of dietary 
arginine by arginase or as a result of the cleavage of al lantoic acid which 
is derived from the breakdown of purines (Barret t , 1981). Further, a number 
of trematodes have been reported to be osmoconformers (Siddiqi e^ a l . , 1975), 
and the presence of urea as an excretory product may indicate a low water 
turnover rate in the worm since urea is less toxic than ammonia (Webster 
and Wilson, 1970). Af ter at taining the maximum urea excretion by amphistomes, 
there was a decline in the urea concentration in the medium. It is possible 
that it is either being degraded or re-utilized by the worms. The reports 
are available on the utilization of urea by the prasitic helminths (Simmons, 
1970; Webster, 1972). In the intestinal eestode there was no such decline 
in urea excretion which continued to increase with the incubation time. 
The uric acid excretion, shows a slightly different trend as compared 
to ammonia and urea, which was only recorded in G_^ explanatum. There 
was a maximum uric acid production in 6 h incubate and thereafter it declines. 
Whether uric acid is degraded or re-utilized by the parasites in later period 
of incubations, it is difficult t'o assign any definite reason with the present 
state of our knowledge. Further studies are definitely required on this aspect. 
However, the uric acid excretion indicates that, possibly, purines are catabolised 
in G. explanatum as uric acid is a common end product of purine metabolism. 
Uric acid has also been reported from the larval cestodes (Von Brand, 1973), 
but in the adult eestode, S^ globipunctata and in the rumen trematode, G. 
crumenifer. Uric acid was not detected in the present study though the 
method of Caraway (1963) used, is sensitive enough to detect even 0.15 Aimoles 
of uric acid per ml. In another study, iVIoss (1970) reported the absence 
of uric acid in the incubates of Y_^ hepatica. Contrary to these findings 
Coil (1958) reported uric acid excretion by G_^  crumenifer and Y_^ gigantica. 
The anomally in the results could be possibly due to the different methodologies 
used. It has also been pointed out that the catabolism of amino acids yield 
oC -amino nitrogen and the remaining carbon si<eleton enters the glycolytic 
or TCA cycle. About 90% of excreted nitrogen is reported to come from 
the << -amino nitrogen of amino acids while the remainder originating from 
the breakdown of purines and pyrimidines (Barrett, 1981). The foregoing 
discussion clearly reveals that nitrogen metabolism is quite pronounced in 
helminths with qualitative and quantitative differences in their end products. 
Carbohydrates serve as primary energy source in parasitic helminths 
and their breakdown yield a variety of end products. The nature of end 
products vary and depend upon the aerobic or anaerobic type of carbohydrate 
calabolism. In the presence of glucose the liver amphistome, G^ explanatum 
and the intestinal cestode ^ globipunctata excrete large amount of lactate 
as compared to the rumen amphistome G_^  crumenifer. The lactate production 
suggests that possibly anaerobic type of metabolism is operative in these 
parasites. Amphistomes have been reported to be rich in stored carbohydrates, 
specially, glycogen (Khan ei^ aL, 1989) and the high LDH activity in these 
parasites reflect the importance of anaerobic breakdown of carbohydrates 
(Yusufi and Siddiqi, 1978). The latter authors (loc. cit.) furthei suggested 
that gluconeogenesis may also be operative un these amphistomes as shown 
by the presence of glucose-6-phosphatase and high level of LDH activity. 
It seems that complete endogenous breakdown of lactate and pyruvate 
does not occur in the parasites under study, and their surplus amounts are 
excreted. The excretion of metabolically utilizable substrates can be regarded 
as a biochemical adaptation due to un-interrupted supply of nutrients. Lactic 
acid as an end product of metabolism has also been reported in S^ mansoni 
(Bueding, 1950), F. gigantica (Goil, 1961), F. hepatica (Moss, 1970; Saz, 1981), 
Dicroceohum dendriticum (Eckert and Lahner, 1971; Kohler and Stahel, 1972) 
and in cestodes, lh_ diminuta and Oochonstica symmetrica (Read, 1956), proto-
scoleces of E^ granulosus (Agosin, 1957; McManus and Smyth, 1978) and in 
acanthocephalan, M^ dubius (Laurie, 1959). According to Von Brand (1973), 
the relative importance of lactic acid was greater when the medium contained 
glucose. In the presence of glucose lactate production inci eases dramatically 
in F\^  hepatica (Lloyd and Barrett, 1983), Schistocephalus solidus (korting and 
Barrett, 1977) and H. diminuta (Ovington and Bryant, 1981). 
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The present results were found in accordance with earlier reports that 
the lactate production falls tremendously when the glucose is removed from 
the incubation medium. An interesting observation was made during this 
study that G. crumenifer do not excrete lactate when they are incubated 
in glucose free medium. It is likely that the lactate produced endogenously 
might be channelised for various energy production processes in order to 
conserve the energy reserves. However, such assumptions can be confirmed 
by undertaking further studies using labelled substrates. In some mammalian 
tissue the ratio of NAD /NADH is found to be high enough to favour the 
oxidation of lactate to pyruvate which is further oxidized in a usual way, 
and therefore, lactate serves as a substitute for glucose as a fuel for oxidation 
in mammalian tissues (McGilvery and Goldstein, 1979). Such metabolic adapta-
tions by G^ crumenifer may also be in accordance with the eco-physiological 
conditions of rumen, because a number of acids and nitrogenous end products 
are either utilized by the ruminal bacteria or absorbed directly across the 
non-glandular epithelium of the rumen (Prosser, 1973; Czerkawski, 1986). 
Initially in 3 h incubate S^ globipunctata excrete greater amount of 
lactate as compared to G_^  explanatum, however, in the subsequent incubations, 
the lactate production was greater in G^ explanatum. The decline in the 
lactate level in 6 h, 9 h and 12 h incubates of S^ globipunctata suggests 
that this cestode may re-utilize the excreted lactic acid or else release such 
substances which might degrade the lactic acid. However, reports on the 
absorption of lactate from the protonephridial fluid are also available (Webster, 
1972). According to Barrett (1981), resynthesis of carbohydrates from end 
products has not been investigated in parasitic helminths and in general, 
hexoses are the main sugar produced by gluconeogenesis. Therefore in the 
presence of exogenous glucose the metabolic fluxes may "over flow" from 
one pathway into the other. 
2'.3 
The other major end product of carbohydrate metabolism is pyruvate, 
which was also detected in the parasites under study. The level of pyruvate 
excretion was very low as compared to the lactate excretion. In the presence 
of glucose, the cestode S^ globipunctata produced more pyruvate than the 
other two trematode parasites. The concentration of the excreted pyruvate 
continues to increase with respect to the increasing time of incubation of 
G. explanatum and ^ globipunctata, whereas Gj_ crumenifer possibly starts 
re-utilizing the pyruvate from the medium after excreting the maximum pyruvate 
in 6 h and 9 h incubation as revealed by the pyruvate level in 12 h incubation 
medium. On removing the glucose from the incubation medium, G^ crumenifer, 
excretes highest amount of pyruvate in 6, 9 and 12 h of incubation among 
the three helminths reflecting their individual metabolic differences. However, 
pyruvate has been reported among the aerobic end products of carbohydrate 
metabolism in the protoscoleces of E^ ganulosus (Agosin, 1957). McManus 
and Smyth (1978) also reported pyruvate among the end products of carbohydrate 
metabolism in Echinococcus spp. Read (1956) and Mansour (1959) also reported 
pyruvate excretion by H^ diminuta and Fj_ hepatica, respectively. 
It has been observed that all the worms under study utilize glucose 
from the incubation medium with varying degrees but glucose Ieal<age was 
also observed in the absence of glucose from the medium. Such a metabolic 
strategy by parasitic helminths is realy difficult to understand until further 
detailed studies are carried out. However, according to Barrett (1981) the 
long term Jri vitro incubations may influence the metabolism of parasites 
leading to the changes in their excretory/secretory products. Therefore, 
fluctuations in the level of various excretory/secretory products reflect a 
possibility of metabolic flexibility in the parasites. 
The preliminary study on the secretiDon of proteolytic enzymes by 
amphistomes under study during in vitro incubation, indicates that the release 
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of dye from the hydrolysis of Azocol l is proportional to the quanti ty of enzyme 
released. I t was found that there was a linear increase in the dye release 
in both the trematodes up to 60 min of incubation. Quant i tat ively, the l iver 
amphistome secretes more enzyme result ing in greater dye release than the 
rumen trematode. Both the parasites continue to secrete non-specific proteases 
even af ter l igat ion of oral sucker, indicating that these enzymes can also 
be secreted from some extra- intest inal sources. Perhaps due to l igat ion, 
the parasites come under stress and as a result start secreting many fold 
greater quanti ty than the unligated ones. The release of proteolyt ic enzymes 
might be a metabolic and parasitic adaptation in accordance wi th the micro-
environments. The higher secretion in G^ explanatum indicates that these 
enzymes might help this parasite in migrat ing across the bile duct and may 
also help in extra-corporeal digestion, however, we can not say conclusively 
whether these proteolyt ic enzymes are involved for invasion as suggested 
for Anisakis spp. larvae (Mathews, 1982) or extra-corporeal digestion unless 
further studies are carried out. 
C H A P T E R - VI 
SOME ENZYMES OF PROTEIN METABOLISM 
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INTRODUCTION 
The parasitic mode of life necessitates the development of an efficient 
protein metabolism as a biochemical adaptation because of the rapid antigenic 
turnover and the enormous fecundity to ensure the establishment of germ-
line. Such adaptations involve biosynthetic processes, energy production, 
and the detoxification of metabolic wastes through biodegradation processes. 
During the chain of these events a bewildering array of enzymes actively 
participate to catalyse these reactions. Infact, enzymes can be regarded 
as the keys of metabolism that unravel the mysteries of various metabolic 
idiosyncracies. 
To understand the phenomenon of protein metabolism, it is essential 
to investigate some of the key enzymes represented by a variety of dehydro-
genases, transaminases, oxidases, hydrolases and carboxylases. The most important 
enzymes from these groups include glutamate dehydrogenase (GLDH), aspartate 
and alanine transaminases, V-glutamyl transpeptidase, arginase and monoamine 
oxidase. The glutamate dehydrogenase is a pyridine linked, ubiquitously dis-
tributed enzyme responsible for reversible deamination of glutamate to 
<< -ketoglutarate and ammonium ions, and it stands at the cross-roads to 
carbohydrate and protein metabolism. The mechanism of ammonia fixation 
is carried out by GLDH, thereby, reducing the intracellular toxic levels 
of ammonia. The high level of intracellular ammonia not only alters pH 
but also influences membrane permeability and tends to reverse the GLDH 
reaction. This reversal of GLDH reaction tends to suppress tricarboxylic 
acid cycle by depletion of ^ -ketoglutarate (Prosser, 1973). The GLDH catalysed 
reaction can be summarized as: 
GLDH. + 
oC -ketoglutarate + NH^ + NADH ' ^i..tomato + N ^ D + H O 
The metabolic transfer of K -amino group of most of the amino acids 
is catalysed by transaminases. After transmination a particular keto-acid 
transaminase 
Amino acid (A) + << -kctoglutaric acid (B) ^ s ^ ^ s s . , . ~ 
pyridoxal phosphate 
*C -keto acid of (A) + Amino acid (B) 
of an amino acid may enter the TCA cycle and thus contribute in the energy 
production processes. Like GLDH, transaminases also provide an important 
link between carbohydrate and protein metabolism. During the transport 
across the cell membranes, amino acids may encounter a membrane bound 
enzyme, /-glutamyl transpeptidase to which amino acids may be bound before 
being transported to the inner side of the cell membrane and the procedure 
offers an example of group translocation transport. The 'i -glutamylamino 
acid appears on the inner side of the cell membrane and further metabolised 
to 5-oxoproline and the amino acid is released to be used in different metabolic 
processes. The JT-glutamyl transpeptidase is a key enzyme of /-glutamyl 
cycle and plays an important role in the amino acid transport. /-glutamyl 
transpeptidase ( /-GTP) provides an example of group translocation transport 
of amino acids. 
r-GTP 
Amino acid w I'-glutamylamino acid 
^^^ Amino acid 
5-oxoproline 
Arginase is a key enzyme of the Kreb's-Henseleits urea cycle and brings 
about the hydrolysis of aginine to produce urea and ornithine. Ornithine 
may either undergo transamination or other reactions of the urea cycle. Urea 
is one of the major end products of nitrogen metabolism. The arginase catalysed 
reaction proceeds as: 
A • • n„ ^, 2 Arginase 
Argmine + MnCl2 Ornithine 
Urea 
The deamination of biogenic amines is brouglit about by monoamine 
oxidase. Biogenic amines are involved in the neuromuscular coordination 
but at the same time they are highly toxic and their accumulation will lead 
to disrupt the normal metabolic functions. Therefore, soon after their function, 
monoamine oxidase brings about their catabolism to make them non-toxic. 
The principle of this enzyme reaction can be summarized as: 
.H 
R-CH2NH2 - O2 - H ^ O — * - R ^ C ^ . NH3 . H2O2 
Study of these enzymes in helminths is essential in order to obtain an 
over all view of the protein metabolism that would ultimately reflect about 
the various metabolic strategies adopted by these organisms in response to 
different hosts or habitats. 
2. \ \ 
LITERATURE REVIEW 
During the last two decades considerable attention has been paid to the 
parasite biochemistry and a wealth of information is available on the parasite 
metabolism (See references in: Coles, 1975; Von Brand, 1979; Barrett, 1981; 
Arme and Pappas, 1983; Harris, 1983; Smyth and Halton, 1983; Mansour, 
1984). Most of the studies are confined to carbohydrates, while protein meta-
bolism has remained some what neglected as can be seen from the recent 
reviews (McManus, 1986; Barrett, 1986; Mettrick, 1986). 
A number of key enzymes belonging to the group transaminases, oxido-
reductases and deaminases have been investigated in some parasites (Barrett, 
1981). The most important of these enzymes include glutamate dehydrogenase 
(GLDH), asparate transaminase (GOT), alanine transaminase (GPT), ornithine 
transaminase, V -glutamyl transpeptidase, arginase and monoamine oxidase. 
GLDH is known to play a pivotal role in protein metabolism and beside 
helminths, it has also been investigated in a number of protozoans (Langer 
e\_ al_., 1970; Sherman e\^ aL, 1971; Gutteridge and Coombs, 1977). Among 
the helminths the GLDH activity in the homogenates of R_ hepatica, D. 
dendritucum, P. cervi was reported by Krvavica et_ ^ (1967) and contrary 
to their expectations found higher enzyme activity in liver fluke as compared 
to the rumen amphistome ?j_ cervi. The GLDH activity has also been reported 
from the daughter sporocysts of iVIicrophallus pygmaeus (Pascoe, 1970). Almost 
nothing is known about the GLDH turnover during the development of larval 
amphistomes. In a recent study, Abidi and Nizami (1986) investigated some 
kinetic parameters of GLDH in the homogenates of adult amphistomes and 
also studied the effect of some allosteric modulators. However, no report 
is available on the differential sub-cellular activity of this enzyme in amphis-
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tomes. Daugherty (1954) reported reductive amination of keto acids in H. 
diminuta while Mustafa £t_ aL (1978) have studied the activity of cytosolic 
GLDH in the anterior proglottids of this cestode. 
Oxidative deamination of glutamate by GLDH has also been demonstrated 
in a number of nematode species. A weak GLDH system linked with alanine 
and asparate transaminases was found in the ovaries of A. lumbricoides (Pollak 
and Fairbairn, 1955; Barrett and Beis, 1973). The activity of GLDH has 
also been reported from Panagrellus redivivus (Wright, 1975) and Haemonchus 
contortus (Croll, 1976). Since keto acids are common intermediates of carbo-
hydrate metabolism, the reductive amination of <<. -ketoglutarate catalysed 
14 by GLDH has been reported on the basis of appearance of the glucose ( C) 
carbons in amino acids and proteins in Ancylostoma caninum (Perez-Gimenez 
et aL, 1967). In a recent study, Turner £t_ aL (1986) have characterized 
the cytosolic and mitochondrial GLDH of D. immitis. 
McGivan and Chappell (1975), using rat liver tissue, have suggested 
that the GLDH is involved mainly in glutamate synthesis, which is the first 
reaction on the pathway to glutamine synthesis that ultimately helps in nitrogen 
storage. The GLDH being a pyridine linked enzyme, utilises either NAD 
or NADP as coenzymes. The NAD/NADH dependent activity has been reported 
in YL_ diminuta (Mustafa eX^ aL, 1978), in A. suum and A. lumbricoides (Langer, 
1972; Barrett and Beis, 1973), in _H^  contortus (Rhodes and Ferguson, 1973) 
and in D. immitis (McNeil and Hutchinson, 1971). 
Previous studies reveal that the catalytic activity of GLDH differ 
in different organs and tissues showing their relative variations in metabolic 
activities (Florkin and Schoffeniels, 1969). The differential distribution and 
the different forms of the enzyme have been demonstrated by the histochemical 
2lil 
and electrophoretic techniques. Different isozyme forms of GLDH showing 
the variation in their physico-chemical properties have been reported from 
plants and animal tissues (Thurman et_ aL, 1965; Grimes and Fottrell, 1966; 
Florkin and Schoffeniels, 1969). 
The transaminases comprise a group of enzymes which are involved 
in the transfer of BC -amino group of a number of amino acids. These enzymes 
also serve as clinical markers when investigated in the serum of the infected 
individuals, and at times the increase in serum enzyme level of the host 
may partly be contributed by the parasites (Von Brand, 1979; Barrett, 1981; 
Smyth and Halton, 1983). Therefore, the parasite transaminases may also 
be of considerable interest. 
Among helminths the transaminases have been investigated in a number 
of trematodes and cestodes (Carson and Williams, 1957; Huang £t_ aL, 1962; 
Connolly and Downey, 1968; Sturn e;^  aL, 1972; Coles, 1973; Goil, 1978; Tandon 
and Misra, 1984), The activity of 2-oxoglutarate linked transaminases has 
also been investigated in F\_ hepatica (Park et^  aL, 1983; Lee et_ £L, 1983) 
in ^ cervi (Singh and Sharma, 1983), in A^ galli (Singh and Srivastava, 1983), 
in _A^  suum (Dubinsky et_ aL, 1984; Zenka and Prokopic, 1983) and in 
Nippostrongylus brasiliensis (Watts and Atkins, 1983, 1984). Alanine and aspartate 
transaminase activities were also reported from redia of Cryptocotyle lingua 
and sporocyst of Cercaria emasculans (Watts, 1970). Using the homogenates 
of Schistosoma japonicum, 22 amino acids were tested for their participation 
in transamination but only alanine, arginine and aspartate served as -<: -amino 
donors for the formation of glutamate from <^ -ketoglutarate (Huangs e^ aL, 
1962). 
The formation of proline from ornithine appeared to be most important 
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in the liver fluke because of its pathological effects (Ertel and Isseroff, 1974, 
1976), In other organisms proline can also originate from L-glutamate (Von 
Brand, 1979). The acitivity of ornithine transaminase is a first step of ornithme 
metabolism which may ultimately lead to the proline production which is 
a significant process according to Kurelec (1975), as it represents an additional 
way of regenerating NAD from NADH. Goldberg e^ aL (1980) reported high 
ornithine transaminase activity in V_. hepatica and Schistosoma spp. Beside 
these studies, sub-cellular distribution of transaminases in Moneizia expanse 
has also been demonstrated by Cornish and Bryant (1975). 
The other important enzyme which is involved in the amino acid meta-
bolism IS )^-glutamyl transpeptidase ( l '^-GTP), a key enzyme of the i'-glutamyl 
cycle. It is a membrane bound enzyme, responsible for the transport of 
amino acids across the membrane. V -GTP has been demonstrated in jVl^  benedeni 
but It was not found in A. lumbricoides or F. hepatica (Barrett, 1981). Singh 
et al. (1989) reported / - G T P in the bovine filarial nematode, Setaria cervi. 
Although a number of studies on the amino acid transport are available (see 
Chapter - IV) but no effort has been made to investigate the activity of 
this enzyme and also the influence of amino acids on Y -GTP activity. Once 
an amino acid is transported across the membrane, it may undergo various 
intricately woven metabolic processes as for example proline has been reported 
to be metabolised via glutamate to 2-oxoglutarate and so enters TCA cycle 
(Barrett, 1981; Von Brand, 1979). The differential utilization of ^^S-methionine 
14 
and C-methionine by liver fluke suggests that the worm can metabolise 
this amino acid (Pantelouris, 1965). 
According to Senft (1965) arginine is most readily utilized by Schistosoma 
spp. under experimental conditions, and postulated that an arginase enzyme 
system is an important part of the nutritional economy, and this enzyme 
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might be operative in eggs as well as in adults. Since contradictory reports 
have appeared regarding the functional urea cycle (Campbell and Lee, 1963; 
Kurelec, 1964; Janssen and Bryant, 1969; Kurelec, 1972), it is unlikely that 
urea is formed by parasites via the classical urea cycle as Janssen and Bryant 
(1969) could not demonstrate all the enzymes of the cycle in a number of 
helminths. The functional ornithine cycle is yet to be established, however, 
highly active arginase has been reported from several species of flat worms 
(Campbell and Lee, 1963). 
The biogenic amines, which are derivatives of amino acids, also play 
an important role in the parasite metabolism, and they are widely distributed 
in helminths (Mansour, 1962; Chou et^ _aL, 1972; Hariri, 1974; Smart, 1988). 
Different amines have been reported as neuro- and sensory transmitters in 
the parasitic worms including trematodes (Goh and Davey, 1976), however, 
the evidence that monoamines function as neurotransmitters in cestodes is 
still inconclusive (Smyth, 1969), 
After being released, the biogenic amines, particularly monoamines 
are oxidatively deaminated by monoamine oxidase (MAO). High MAO activity 
has been reported in Ascaris spp., by Mishra et^  aL (1978), in Ascaridia galli 
(Mishra et^  aL, 1985), in H_. diminuta (Moreno and Barrett, 1979). According 
to these investigators (loc. cit.), the main function of parasite MAO may 
be to protect parasites against exogenous amines present in the host gut. 
Because high MAO activity in mammalian intestine may also be responsible 
for rapid detoxification of toxic amines Nag et^ aL, 1978). Using the different 
substrates, Nimmo-Smith and Raison (1968) inferred that there appeared to 
be two forms of MAO in schistosomes. 
However, in later studies various specific and non-specific inhibitors 
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were used to study the nature of MAO of different origin. Pargyline (5'x 10 M 
and 5 x lO'^M) caused 100% inhibition of rat brain MAO (Guha and Ghosh, 
1970). The chlorgyline (Johnston, 1968) and deprenyl (Knoll e_t^  aL, 1965) 
play an important role in describing and distinguishing the two main types 
of mitochondrial MAO referred to as type A (serotonin oxidase) and type B 
(fi-phenylethylamine oxidase). Therefore, the inhibition of MAO activity by 
chlorgyline and deprenyl in _A^  galli suggests the presence of both A and 
B- type of MAO in this parasite (Mishra et_ aL, 1985). Moreno and Barrett 
(1979) using the polarographic technique observed that iproniazid, nialamide 
and pargyline produced varying degree of inhibition in MAO of H_^  diminuta. 
Beside these inhibitors, Mishra £t_ aL (1985) also observed the inhibitory 
effects of trans-PcP on the MAO activity in A. galli. 
The effects of various drugs or aminergic agents on the _iri vitro motility 
of F^ . hepatica has been studied by Holmes and Fairweather (1984) with an 
isometric force displacement transducer. According to Terada £t_ al. (1982) 
the effect of drugs on the motility of parasitic helminths have been tested 
as one of the useful approaches for the investigation of anthelmintics. Tomosky -
Sykes et^  aL (1977) demonstrated that the catecholamines produce stimulatory 
effects on the peristaltic movements and rotations of Spirometra mansonoides. 
However, the iproniazid and p-chloromercuribenzoic acid do not appreciably 
affect the motility of JF^ hepatica jri vitro, except initial stimulation in terms 
of the amplitude of contractions (Holmes, 1984). Though serotonin is capable 
of exerting a powerful influence over various aspects of carbohydrate metabolism 
in R^ hepatica (Mansour, 1979), its role as a neurotransmitter could not be 
resolved in this parasite (Holmes, 1984). 
In an indirect evidence from the studies of various inhibitors, multiple 
forms of MAO have been suggested by Shih and Eiduson (1969) who also reported 
isozymes of MAO in the chici< developing brain. Youdin et_ aL (1970) also 
reported 3 bands of MAO from_ rat liver and two from human placenta. 
However, no report is available on the electrophoretic separation of MAO 
isozymes of helminths. The differential distribution of monoamines has been 
demonstrated by histochemical techniques in Dipylidium caninum (Shield, 1971) 
and in Aspiculuris tetraptera (Anya, 1973). 
The foregoing review clearly reveals that the protein metabolism has 
been studied in only few species. Despite the enormous economic importance 
and high degree of pathogenicity, amphistomes have been grossly neglected. 
The present studies on the occurrence of some of the key enzymes of protein 
metabolism, their physico-chemical nature, sub-cellular distribution and functional 
roles were investigated. This study was essential because the parasites inhabiting 
different eco-physiological conditions showed some qualitative and quantitative 
differences in the protein content, protein profile, the differential behaviour 
of transport kinetics and the nature of their excretory products. It was 
expected that such variations will lead to the differences in the degree of 
protein metabolism. 
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MATERIALS AND METHODS 
The mature worms of G^ explanatum, G. crumenifer and the cestodc 
S^ globipunctata were collected as described earlier. The worms were thoroughly 
0 
washed in Hank's medium without glucose, pH 7.4, premaintained at 37 ± 2 C 
and processed separately for homogenization, fractionation and enzyme esti-
mations or else frozen in liquid nitrogen for subsequent use. 
Homogenate preparation; 
The cell free homogenates of different concentrations were prepared 
as per requirements. For the total homogenate, freshly blotted 2 gm worms 
Q 
were homogenized at 4 C in Potter-Elvehjm glass tissue homogenizer in 10 
volumes of 50 mM tris-HCl buffer, pll 7.4, containing 0.25 M sucrose. The 
0 
homogenate was centrifuged at 3000 x g for 10 minutes at 0-4 C in an lEC-25 
refrigerated centrifuge fitted with an angle head rotor. The undisrupted 
cells, debris and nuclei were discarded, and clear supernatant fluid was gently 
collected with the help of a pipette and used as fresh homogenate for the 
assay of V-glutamyl transpeptidase and arginase activity. 
Isolation of cytosolic and mitochondrial fractions: 
In order to investigate the activity of glutamate dehydrogenase, trans-
aminases, monoamine oxidase and arginase in cytosolic and mitochondrial 
compartments, the worms were subjected to sub-cellular fractionation using 
the differential centrifugation technique of Podesta e^ ah (1986) with some 
minor modifications. The fresh parasites were minced finely under chilled 
condition and then homogenized in glass teflon tissue grinder fitted with 
a motor driven pestle, using 0.05 M tris-HCl, pH 6.8, as homogenization buffer, 
containing 0.25 M sucrose, 100 mM KCl, 1.0 mM MgCl 1.0 mM EDTA, 
1.0 mM ATP and 0.5% bovine serum albumin (BSA), and the following scheme 
of differential centrifugation was followed (Fig. 6.1). All the procedures 
0 
were carried out at 4 C. 
Transmission Electron Microscopy (TEM); 
The mitochondrial enrichment was confirmed through TEM. The isolated 
mitochondrial pellet was first suspended in 2% glutaraldehyde in 0.1 M cacodylate 
buffer, pH 7.4, containing 2.5% sucrose, for 2 h. Following fixation, it was 
centrifuged to form a pellet and the suspernatant was poured off. Pellet 
was then washed twice over a period of 2 h in 0.1 M cacodylate buffer contain-
ing 2.5% sucrose only, pH 7.4 and again pellet was formed before post fixation 
which was proceeded in 0.5% aqueous osmium tetraoxide (OsO.). During 
osmication the pellet remained suspended for 1 h, following which it was 
0 
washed several times as described above for a period of 2 h at 4 C. After 
washing, the material was centrifuged to form a pellet which was dehydrated 
in ascending grades of alcohol with 2 x 15 min changes in each grade and 
finally 3 x 15 min changes in 100% ethanol (over sodium sulphate). The 
dehydrated pellet was treated with propylene oxide for 2 x 15 min, then 
in a mixture of propylene oxide and Durcupan resin in the ratio of 1:1 for 
12 h, then in propylene oxide : resin in 1:3 ratio for 12 h and finally in 
100% resin for 2 x 12 h. Specimens were orientated in flat latex moulds 
0 
before embedding in fresh Durcupan resin at 60 C for 30 h. 
Sections were cut with glass knives using an LKB ultramicrotome, 
collected on bare copper grids and double stained with alcoholic uranyl acetate 
for 5 min and lead citrate for 8 min. Photomicrographs were taken on a 
JEM 100 CX electron microscope. 
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FIG. 6.1 : Differential centrifugation scheme for the isolation of 
mitochondria of Gigantocotyle explanatum, CasLroLliylax 
crumenifer and Stiiesia globipunctata. All the 
procedures were carried out at 4°C. 
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Enzyme assays; 
A number of key enzymes of protein metabolism were selected to 
investigate their activity in helminths under study. Some enzymes have been 
estimated in fresh homogenates whereas others in cytosolic and mitochondrial 
fractions which have been mentioned at proper places while describing the 
assay procedures. 
Glutamate dehydrogenase (E.C. 1.4.1.2) (GLDH): 
The enzyme activity was assayed spectrophotometrically at 340 nm, 
using the method of Schmidt (1974) in the direction of glutamate formation. 
Besides using the cytosolic and mitochondrial fractions of the mature worms, 
the GLDH has also been investigated in the fresh eggs ( 0 day), and 4 days 
old embryonated as well as 8 days incubated eggs containing fully developed 
miracidia of G^ . explanatum obtained as described in Chapter - I. 
The principle of the reaction is based on the oxidation of NADU which 
leads to decrease in extinction at 340 nm, on Spectronic-1001. All the experi-
ments were carried out in a moderately equipped laboratory at room temperature 
unless other-wise stated. The standard assay mixture of total volume 3 ml, 
in a silica cuvette of 1 cm light path length contained : 0.2 mM/ml NADH, 
50 mM/ml triethanolamine-HCl buffer (pH 8.0), 2.5 mM/ml EDTA, 100 mM/ml 
ammonium acetate, 2U LDH, 7 mM/ml 2-oxogularate, and enzyme preparation. 
Fresh homogenate of the developmental stages has been used due to limited 
supply of material, whereas in mature G^ explanatum, G. crumenifer and 
S. globipunctata, GLDH has been investigated in both the cytosolic as well 
as mitochondrial fractions. 
Before taking the samples for estimations, the mitochondrial pellet 
0 
was suspended in a known volume of assay buffer and sonicated at 0 C for 
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30 sec on an ultrasonic disintegrator (Ralsonics, India) using a fine probe 
of diameter 5 mm. The homogenous suspension was used for the enzyme 
assay and the dilution factor was taken into account for calculations. 
Enzyme unit; 
An enzyme unit is defined as the amount which oxidised one umole 
of NADH per minute under experimental conditions. An extinction coefficient 
value of 6.22 at 340 nm for NADH was employed for the calculation of the 
amount of NADH oxidised. Specific activity is expressed as umoles NADH 
oxidised per mg protein per h. 
Transaminases; 
The transamination involves the transfer of oC -amino group from the 
amino acid to a 2-keto acid, usually 2-oxoglutarate. A number of 2-oxoglutarate 
linked transaminases involving a variety of donor amino acids have been found 
in parasites. 
In the present investigation, among the major 2-oxoglutarate linked 
transaminases, aspartate transaminase (GOT), alanine transaminase (GPT), 
leucine transaminase, methionine transaminase, proline transaminase and ornithine 
transaminase, have been investigated in cytosolic and mitochondrial fractions 
according to the spectrophotometric method of Bergmeyer (1974). The typical 
enzyme assay mixture of total volume 3.7 ml contained 80 mM phosphate 
buffer, pH 7.4, 100 mM amino acid, 0.18 mM NADH, 25U MDH for GOT, 
12U LDH, 12 mM 2-oxoglutarate and enzyme preparation. The change in 
absorbance, E/min, was recorded for 3 min at 340 nm using a silica cuvette 
and the extinction coefficient of NADH was same as described before for 
GLDH calculations. Specific enzyme activity is described as /imoles NADH 
oxidised per mg protein per hr. Hovv e^ver, every care was taken to avoid 
n r 
the interference by GLDH in the assay procedure for which ammonium ion 
concentration was reduced to negligible amount as the enzyme solutions were 
prepared in 50% glycerol and in the absence of ammonium ions GLDH does 
not oxidise NADH. 
y-Glutamyl Transpeptidase (E.G. 2.3.3.22) ( K-GTP); 
This membrane bound enzyme is involved in the amino acid transport 
and a key enzyme of r-Glutamyl cycle. The enzyme activity has been deter-
mined according to the method of Szasz (1974) in the fresh homogenates 
of all the three parasites under study. 
The assay mixture (total volume 2.1 ml) contained 4.0 mM L- d-glutamyl-
p-nitroanilide, 50 mM glycylglycine, 10 mM MgCl„, 48 mM ammediol buffer, 
pH 8.2 and enzyme preparation. Simultaneously, blank devoid of enzyme 
sample was also prepared. The change in absorbance indicating the liberation 
of p-nitroaniline was recorded at 405 nm on Spectronic-1001. 
Enzyme unit: 
The specific enzyme activity is expressed as p-nitroaniline librated 
per mg protein per min. 
In order to see the influence of amino acids on the activity of J^-GTP, 
10 mM of each of the amino acids leucine, alanine, methionine and proline 
were added to the assay mixture and the effect in the form of change in 
absorbance was recorded and compared with the normal values. From the 
transport studies it is evident that mostly the concentrations higher than 
10 mM of amino acids were inhibitory when uptake was studied at different 
concentrations, therefore, this concentration was selected in the present investi-
gation. 
C r I 
Arginase (E.G. 3.5.3.1); 
Arginase, another key enzyme of protein metabolism involved in urea 
production was estimated in all the parasites under study by the method 
of Schimke (1970). The enzyme was activated by incubating the enzyme 
preparation with 100 mM MnCL for 10 min. The assay mixture contained 
250 mM L-arginine (pH 9.7), 1 mM MnCU and the activated enzyme preparation. 
0 
The reaction mixture was incubated at 37 C for exactly 10 min and immediately 
after, the reaction was stopped by 0.5 M perchloric acid (PCA) and test 
tubes were vortexed so that PCA is throughly mixed. A suitable aliquot 
from this solution was taken for the estimation of urea formed as a result 
of arginase activity using ethanolic solution of 1-phenyl-1,2-propanedione-
2-oxime, and the tubes were kept for exactly 10 min in a water bath at 
100 C, followed by cooling in the dark before taking absorbance at 540 nm. 
A sample blank and standard were run simultaneously. 
Enzyme unit; 
The specific activity of arginase is expressed as umol urea formed 
per mg protein per min. 
Mitochondrial Monoamine Oxidase (E.C. 1.4.3.4) (MAO); 
The catabolism of biogenic amines is brought about by monoamine 
oxidase which is present in the outer mitochondrial membrane. MAO activity 
was determined in the mitochondrial fractions of G. explanatum, G^ . crumenifer 
and ^ globipunctata. 
The enzyme activity was determined according to the method described 
by Catravas je^ aL (1977) and Weissbach e^ aL (1960) with some minor modifica-
tions. The enzyme assay mixture of 3 ml final volume contained 0.05 M 
tris-HCl, pH 7.4, 0.22 mM kynuramine dihydrobromide, 0.08 mM MgCl and 
2 8 
sonicated mitochondrial pellet in ' the assay buffer. Ihe test tubes containing 
0 
the reaction mixture were incubated at 37 C for 30 min and the reaction 
was stopped by the addition of 0.5 M NaOH and 10% zinc sulphate. The 
mixture was heated in a boiling watci bath for 5 min and centrifuged at 
10,000 X g for 10 mm. The concentration of the reaction product 4-hydroxy-
quinoline was determined spectrophotometrically in the supernatant by measuring 
the absorbance at 330 nm. The appearance of 4-hydroxyquinoline at 330 nm 
was found to be more sensitive as compared to the determination of the 
kynuramine disappearance at 360 nm (Katravas et^  aL, 1977). A blank was 
prepared by replacing the substrate with distilled water. The values of the 
unknown samples were calculated from the standard graph plotted from different 
concentrations of hydroxyquinoline. 
Enzyme unit; 
Specific enzyme activity is expressed as /imoles 4-hydroxyquinohne 
0 
produced per mg protein per 30 min at 37 C. 
In order to see the effect of specific inhibitors of MAO, nialamide, 
-4 -5 -4 
pargyline, chlorgyline and deprenyl in 5 x 10 M, 5 x 10 M, 2 x 10 M and 
-4 2 x 10 M respectively, in final concentration were added to the assay mixture, 
and the changes were recorded. 
All the results were subjected to statistical analysis and Student's 
t-test was employed to evaluate the level of significance according to the 
method of Sokal and Rholf (1981). 
In Vitro Motility: 
Since biogenic amines are also involved in nerve impulse transmission 
and once their function is accomplished they are degraded by MAO. Any 
inhibition of MAO would lead to the accumulation of amines thereby causing 
'1 O 
toxicity which will disrupt normal movements of the worms. With this assump-
tion, the effect of MAO inhibitors on the motility of a;_ explanatum and 
G. crumenifer, were screened as an indirect evidence for the myo-neural 
coordination involving the biogenic amines in these amphistomes. 
The qualitative analysis of the changes in the worm motility due to 
the action of MAO inhibitors was carried out with the help of an isometric 
transducer. The apparatus used in the present study was designed as described 
by Fairweather e^ aL (1983) with some modifications (Fig. 6.2). The flow 
of medium in the inner parasite vessel was controlled by a peristaltic pump 
(LKB, Sweden). The mature fluke was suspended vertically within the vessel 
and fixed at its posterior end, acetabulum, with the help of a heart clip. 
The anterior end of the fluke was attached to the isometric force displacement 
transducer (Type D, Palmer Bioscience, Washington) through a heart clip, 
taking care to avoid the main nerve ganglia and minimum tissue damage. 
The transducer in turn was connected through a preamplifier and strain gauge 
coupler (Type CDIO, and Type FC 117, respectively. Palmer Bioscience, Washing-
ton) to a potentiometric pen recorder (Hindustan Powertronix Inc., India), 
operating at a speed of 0.2 cm/sec. The activity of the worm appears as 
a visual trace on the continuous paper write-out. Once the fluke had been 
suspended, it was allowed to relax for 15 mm before being placed under 
tension and its movements were recorded. First the normal motility was 
recorded for 15 min in inhibitor free Hank's medium, and thereafter the 
medium was replaced slowly with the Hank's containing inhibitors in the following 
-4 -5 
concentrations : nialamide 50 x 10 M/ml, pargyline 5 x 10 M/ml, chlorgyline 
-4 -4 
2 x 10 M/ml and deprenyl 2 x 10 M/ml. The changes produced in worm 
motility were recorded for different time periods depending upon the woi m 
lesponse to inhibitors and thereafter worms were washed with normal Hank's 
FIG. 6.2 : Isometric transducer assembly used for recording the 
motility of Gigantocotyle explanatum and Gastrothylax 
crumenifer in presence of monoamine oxidase inhibitors. 
IT: Isometric transducer, PA: Parasite, PP: Paristaltic 
pump, MR: Medium reservoir, PC: Parasite chamber, PT: 
Perspex tank, HT: Heater, SP: Strain gauge coupler and 
Pre-amplifier (CD - 10) RR: Potentiometric thermal pen 
recorder. 
?.so 
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and the post-wash recordings were also made in order to confirm whether 
the inhibitor effect was reversible or irreversible. 
Isozyme Polymorphism: 
In order to study the isozymes of GLDH, MAO and arginase of helminths 
under study, polyacrylamide disc gel electrophoresis was carried out according 
to the method of Davis (1964). The small pore separating gel contained 
8% acrylamide and N, N-methylene-bis-acrylamide. The gels were loaded 
with either fresh, cytosolic or mitochondrial samples containing 80 - 100 ugm 
0 
of protein. Electrophoresis was conducted at 4 C in a Shandon electrophoresis 
assembly using 0.1M tris-HCl, pH 7.4, as bridge buffer for GLDH and MAO 
whereas tris-citrate, pH 8.6, for arginase. A current of 4 mA/gel column 
(5 X 80 mm) was maintained until the tracking dye (0.59o aqueous bromophenol 
blue) had moved about 70 mm in the gel. This usually takes about two and 
a half hour. 
Following electrophoresis, the gels were immediately removed from 
the glass tubes and a black nylon bristle was carefully inserted in the middle 
of the marker band which usually disappears during staining process. The 
gels were placed in test tubes containing the test media, for 30 minutes 
0 
at 37 ± 2 C. Controls were incubated without the substrate. After incubation 
the gels were rinsed in distilled water and stored in 7% acetic acid before 
being photographed under transillumination. 
Densitometry: 
For the quantitation of isozymes, gels were scanned in the horizontal 
position on a Systronics Densitometer. The unstained portion of the gel 
below the marker was used as a blank to set the instrument for 100 9b trans-
mission. The isozymes were numbered as described by Webb (1964). 
2:\2 
Enzyme Reaction Mixtures for Staining: 
Glutamate dehydrogenase: 
1. N\D^ 
2. Nitro-BT 
3. PMS 
4. 0.5 M phosphate buffer (pH 8.0) 
5. 0.5 mM Na-glutamate (pH 7.0) 
6. Distilled water 
60 mg 
30 mg 
2 mg 
25 ml 
5 ml 
70 ml 
Monoamine oxidase: 
1. Tyramine - HCl 
2. 0.1 M Tns-HCl 
3. Nitro-BT 
4. Distilled water 
20 mg 
15 ml 
10 mg 
10 ml 
Arginase: 
1. 0.2 M L-Arginine (pH 8.6) 
2. Ureas soln. (200 units/ml) 
3. 0.1 M Dithiothreitol 
4. Ni t ro-BT 
5. Tris-eitrate (pH 8.0) 
Protein estimation: 
2 ml 
2 ml 
0.6 ml 
5 mg 
20 ml 
For all enzymatic studies as well as electrophoretic studies the protein 
of the samples was estimated by the dye binding method as described by 
Specter (1978), using bovine serum albumin as standard. 
Histo-enzymological study: 
To demonstrate the distribul ion of CJLDH and MAO in various regions 
of the parasites, G^ explanatum and G^ crumenifer, the worms were cryo-
stretched and embedded in Tissue Tek II (Lab-Tek Products, U.S.A.). Sections 
were cut at 10 /Um thickness on a cryostat (Yorko Scientific Instruments 
0 
Company, India) operating at -25 C. The frozen sections were transferred 
on clean glass slides which were immediately placed in coplin jar contammg 
0 
test medium pre-incubated at 37 ± 2 C. Controls were also run simultaneously 
and prepared either by omitting the substrate from the medium or by treating 
0 
the sections at 80 C. The test medium was prepared as described for isozyme 
staining. 
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RESULTS 
The results of the present investigation revealed that the key enzymes 
of protein metabolism show varying degree of activity in helminths under 
study and no generalization can be made. 
The glutamate dehydrogenase activity was recorded in the developing 
miracidial stages of G^ explanatum, and also in the cytosolic and mitochondrial 
fractions of the mature G^ explanatum, G. crumenifer and ^ globipunctata 
(Tables 6.1 and 6.2). The GLDH activity in the fresh eggs of G^ explanatum 
was quite low as compared to the developing embryo and fully developed 
miracidia, indicating that there was a many fold increase in the enzyme 
activity during _iri vitro development (Table 6.1). 
The subcellular distribution of GLDH in adult parasites, G^ explanatum, 
G. crumenifer and ^ globipunctata indicate that the major concentration 
of this enzyme is in the cytosolic fraction (C-GLDH) as 3.66, 2.93 and 5.55 
Aimoles NADH oxidised per mg protein per h respectively for these parasites. 
However, the highest level of mitochondrial GLDK (M-GLDH) in S^ globipunctata 
was found to be 1.56 /umoles NADH oxidised per mg protein per h, followed 
by 0.673 /jmoles NADH oxidised per mg protein per h in Q^ explanatum and 
0.606 /umoles NADH oxidised per mg protein per h in G^ crumenifer. Both 
the C-GLDH as well as M-GLDH in all the three parasites utilize NADH 
as coenzyme. 
As revealed from the TEM micrograph (Plate 6.1) of the mitochondrial 
pellet, the mitochondria remained intact during the isolation procedure and 
hardly any disrupted organelle was found which rules out the possibility of 
contamination of cytosolic fraction with the mitochondrial enzyme. However, 
Table - 6.1 : Glutamate dehydrogenase activity in developmental stages of 
Gigantocotyle explanatum eggs. 
Enzyme Activity in 
GLDH Activity-n moles 
NADH oxidised/mg protein/ 
h ± SEM 
Fresh eggs (0 Day) 
4-Days embryonated eggs 
8-Days incubated eggs 
(miracidia) 
1.855 ± 0.280 (3) 
4.361 ± 0.137 (3) 
7.502 ± 0.312 (3) 
Figures in parentheses indicate the number of replicates. 
PLATE - 6.1 
Transmission electron micrograph of the mitochondria (mt) isolated 
from Gigantocotyle explanatum (Fig. 1), Gastrothylax crumenifer(Fig. 
2) and Stilesia globipunctata (Fig. 3) by differential centrifuga-
tion. Note the distinct shape and cristae of the organelles. 
?M 
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Table - 6.2 : Sub-cellular activity of glutamate dehydrogenase in helminths. 
Parasite Cytosolic Mitochondrial 
Gigantocotyle explanatum 3.66 ± 0.081 (4) 0.673 ± 0.011 (4) 
Gastrothylax crumenifer 2.93 + 0.039 (3) 0.606 ± 0.020 (3) 
Stilesia globipunctata 5.549 ± 0.168 (4) 1.560 ± 0.085 (4) 
* /umoles NADH oxidised/mg protein/h ± SEM. 
Figures in parentheses indicate the number of replicates. 
the mitochondria were sonicated before enzyme estimations. 
Transaminases are widely distributed among helminths. In the present 
investigation also a number of 2-oxoglutarate linked transaminases were found 
in both the cytosolic and mitochondrial fractions in both the tremalodes as 
well as cestode (Tables 6.3, 6.4 and 6.5). The aspartate transaminase, leucine 
transaminase, proline transaminase and ornithine transaminase showed higher 
activity in cytosolic fraction as compared to mitochondrial fraction in G. 
explanatum. However, when alanine and methionine act as donor amino acids, 
the mitochondrial enzyme activity was found much higher, particularly with 
alanine (Table 6.3). When activity within the individual fraction was compared, 
the level of different transaminases were found in the following order in 
the cytosolic fraction : aspartate transaminase > alanine transaminase > ornithine 
transaminase > leucine transaminase > proline transaminase > methionine 
transaminase, whereas in the mitochondrial fraction alanine transaminase > aspar-
tate transaminase > methionine transaminase > leucine transaminase > ornithine 
transaminase ^ proline transaminase. 
In C^ crumenifer aspartate transaminase (GOT) activity was found to 
be lower than alanine transaminase (GPT) in both the cytosolic as well as 
mitochindrial fraction, however, when alanine was replaced by other amino 
acids, the activity of transaminases was considerably reduced (lable 6.4). 
In the cytosolic fraction the highest alanine transaminase activity was followed 
by aspartate transaminase, ornithine transaminase, leucine transaminase, methio-
nine transaminase and proline transaminase whereas the level of activity 
of enzymes in the mitochondria was in the order of : alanine transaminase 
y- leucine transaminase > aspartate transaminase > ornithine transaminase 
> methionine transaminase > proline transaminase. 
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Table - 6.3 : 2-Oxoglutarate linked transaminases in Gigantocotyle explanatum. 
* 
Enzyme Activity 
Donor Amino Acid 
Cytosolic Mitochondrial 
Aspartic acid 9.862 ± 0.163 3.480 ± 0.033 
Alanine 9.448 ± 0.423 15.741 + 0.189 
Leucine 1,288 ± 0.101 1.265 ± 0.019 
Proline 1.198 ± 0.111 1.077 ± 0.020 
Methionine 1.197 ± 0.068 1.375 ± 0.031 
Ornithine 2.352 ± 0.018 1.193 ± 0.022 
* Aimoles NADH oxidised/mg protein/h ± SEM 
Atleast three replicates of each estimation were determined. 
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Table - 6.4 : 2-Oxoglutarate linked transaminases in Gastrothylax crumenifer. 
Donor Amino Acid 
Enzyme Activity 
Cytosolic Mitochondrial 
Aspartic acid 8.271 ± 0.418 2.885 ± 0.380 
Alanine 11.417 ± 0.650 13.144 ± 0.470 
Leucine 1.708 + 0.090 3.206 ± 0.038 
Proline 0.881 ± 0.019 0.962 ± 0.071 
Methionine 0.892 ± 0.046 1.281 ± 0.082 
Ornithine 2.260 ± 0.052 1.657 ± 0.033 
* Ajmoles NADH oxidised/mg protein/h ± SEM 
Atleast three replicates of each estimation were determined. 
;MI 
Table - 6.5 : 2-Oxoglutarate linked transaminases in Stilesia globipunctata 
Donor Amino Acid 
* 
Enzyme activity 
Cytosolic Mitochondrial 
Aspartic acid 3.480 ± 0.198 2.341 ± 0.068 
Alanine 3.248 ± 0.061 1.121 ± 0.100 
Leucine 0.870 ± 0.036 0.712 ± 0.024 
Proline 0.423 ± 0.010 0.644 ± 0.011 
Methionine 0.348 ± 0.022 0.407 ± 0.031 
Ornithine 0.996 ± 0.039 0.711 ± 0.052 
* 4jmoles NADH oxidised/mg protein/h ± SEM 
Atleast three replicates for each estimation were determined. 
On comparing the enzyme levels in the two subcellular fractions, it 
was noticed that the level of alanine transaminase, leucine transaminase, 
methionine transaminase and proline transaminase was higher in mitochondrial 
fraction whereas aspartate and ornithine transaminases were in high concentration 
in the cytosolic fraction of G. crumenifer. 
As compared to the amphistomes the activity of transaminases was 
much lower in the cestode ^ globipunctata, however differences were found 
in the level of enzyme distribution within the cytosolic and mitochondrial 
fractions (Table 6.5). With the exception of proline and methionine, enzyme 
activity was higher in the cytosolic fraction. However, unlike Gj_ crumenifer 
the aspartate transaminase activity was higher than alanine transaminase 
in both the subcellular compartments. When alanine was replaced with other 
donor amino acids, the enzyme activity reduced considerably in the two sub-
cellular fractions of this cestode (Table 6.5). 
Another enzyme y-glutamyl transpeptidase ( ^-CTP) which plays an 
important role in the transport of amino acids, is a key enzyme of 3^-Glutamyl 
cycle. In the present study, the ^-GTP concentration was found highest 
in G^ explanatum (346 nmoles p-nitroaniline produced/mg protein/h) followed 
by G_^  crumenifer (264 nmoles p-nitroaniline produced/mg protein/h) and S^  
globipunctata (202 nmoles p-nitroaniline produced/mg protein/h) (Table 6.6). 
In order to study the influence of amino acids on Y -GTP activity, 
a number of amino acids which were utilized during the uptake studies by 
the helminths under study were added to the assay mixture. The 10 mM 
of each of the amino acid, alanine, leucine, proline and methionine significantly 
influence the / -GTP activity in all the three parasites. Alanine was the 
only amino acid which was found stimulatory in G^ explanatum and S. globi-
punctata whereas it produced inhibitory effects m CL_ crumenifer. However, 
Pi 3 
Table - 6.6 : V -Glutamyl transpeptidase ( It -GTP) activity in fresh homogenates 
of Gigantocotyle explanatum, Gastrothylax crumenifer and Stilesia 
globipunctata. 
Parasites 
Enzyme Activity 
n moles p-nitroaniline produced/mg protein/h ± SEM 
G. explanatum 
G. crumenifer 
S. globipunctata 
346 ± 18 (3) 
264 ± 11 (3) 
202 ± 23 (3) 
Figures in parentheses indicate the number of replicates. 
leucine, proline and methionine inhibited the enzyme activity in all these 
parasites (Fig. 6.3). 
The cleavage of arginine, a iiictabolically important amino acid, is 
brought about by arginase which is a key enzyme of the Kreb's Henseleit 
or Ornithine cycle and responsible for urea production. It was observed that 
arginase in both the amphistomes and the cestode, actively catabolised arginine 
and produced urea as evident from the present results. The arginase activity 
was highest in S^ globipunctata followed by Gj_ crumenifer and G^ explanatum 
in the fresh homogenates. When the enzyme was estimated in the corresponding 
cytosolic fractions, there vv^ as an increase of 22.96%, 30.8696 and 39.54% in 
the enzyme activity of G^ explanatum, G. crumenifer and S^ globipunctata, 
respectively (Table 6.7). 
The physiologically active amines produce toxicity if retained within 
an organism, therefore, they are detoxified by monoamine oxidase. The mito-
chondrial monoamine oxidase was found highly active in G^ explanatum (303.98 
umoles hydroxyqumoline produced/mg protem/30 min). The differences in 
the MAO activity in G^ crumenifer and ^ globipunctata were statistically 
insignificant (p > 0.05) (Table 6.8). 
Various MAO inhibitors like nialamide, pargyline, chlorgyline and deprenyl 
produced varying degree of inhibitory effects in the enzyme activity in both 
the amphistomes as well as anoplocephalid cestode (Table 6.9). ^mong the 
four specific inhibitors of MAO used pargyline, chlorgyline, nialamide and 
deprenyl produced 14.48%, 9.01%, 8.74% and 2.46% inhibition respectively 
in G^ explanatum. 
In G^ crumenifer the MAO was found to be more sensitive to nialamide 
which produced 4.19% inhibition followed by chlorgyline and deprenyl which 
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FIG. 6.3 : Effect of amino acids on the activity of -glutamyl 
transpeptidase in Gigantocotyle explanatum, Gastrothylax 
crumenifer and Stilesia globipunctata. 
N: Normal enzyme activity, Ala: Alanine, Leu: Leucine, 
Prol: Proline and Neth: Methionine 
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Table - 6.7 : Arginase activity in fresh homogenates and partially purified 
cytosolie fraction of Gigantocotyle explanatum, Gastrothylax 
crumenifer and Stilesia globipunctata. 
Enzyme Activity 
Fresh homogenate Cytosolie fraction % Inei'case 
G. explanatum 0.876 + 0.091 (3) 1.137 ± 0.061 (3) 22.96 
G. crumenifer 0.997 ± 0.380 (3) 1.442 ± 0.083 (3) 30.86 
S. globipunctata 1.511 ± 0.131 (3) 2.499 ± 0.211 (3) 39.54 
* Aimoles urea formed/mg protein/h ± SEM 
All the figures in parentheses indicate number of replicates. 
< , s -
Table - 6.8 : Monoamine oxidase (MAO) activity in mitochondrial fraction of 
Gigantocotyle explanatum, Gastrothylax crumenifer and Stilesia 
globipunctata. 
Milochondnal 
fraction o[: 
Cnzyme Activity 
Aimoles llydroxyquinolinc produced/mg protein 3(J mm 
± SEM 
G. explanatum 303.98 ± 4.16 (3) 
G. crumenifer 293.43 ± 6.41 (4) 
S. globipunctata 290.50 ± 5.58 (3) 
Figures in parentheses indicate the number of replicates. 
2 A 8 
Table - 6.9 : Effect of inhibitors on MAO activity in Gigantocotyle explanatum, 
Gastrothylax crumenifer and Stilesia globipunctata. 
Mitochondrial Inhibitors 
fraction of: 
Nialamide Pargyline Chlorgyline Deprenyl 
G. explanatum 277.411 5.19 259.96±11.58 276.58±9.67 296.5U5.10 
(8.74) (14.48) (9.01) (2.46) 
G. crumenifer 281.11 + 10.89 293.13±12.34 281.5U7.86 287.25±9.38 
(4.19) ( 0.10) (4.06) (2.11) 
S. globipunctata 284.86±11.16 273.74± 4.82 270.03±2.32 276.3U2.18 
(1.94) ( 5.77) (7.05) (4.88) 
* AJmoles Hydroxyquinoline produced/mg prolein/30 min at 37 C. ± Sl.M. 
In all the tests three replicates for each inhibitor were determined. 
Figures in parentheses indicate percent inhibition. 
'^ 4B 
produced 4.06% and 2.11% inhibition, respectively. However, MAO of G^ 
crumenifer was almost insensitive to pargyline which produced only 0.1% inhibi-
tion. 
\s compared to the amphistomes, the MAO of S^ globipunctata appeared 
to be more sensitive particularly as compared to CJ^ crumenifer. rhlorgvhne 
produced maximum inhibitory effects (7.05%) followed by pargyline (5.77%), 
deprenyl (4.88%) and nialamide (1.94%). The inter-specific differences were 
observed in the following order for nialamide: G^ explanatum y Gj_ crumenifer 
> S^ globipunctata; for pargyline: G^ explanatum > S^ globipunctata > G. 
crumenifer; for chlorgyline: G^ explanatum y S^ globipunctata y G^ crumenifer 
and for deprenyl: S^ globipunctata y G^ explanatum y G^ crumenifer (Table 6.9). 
The results of the effect of MAO inhibitors on the motility of G. 
explanatum and G. crumenifer have been presented in Figs. 6.4 to 6.11. The 
activity IS presented in the form of contractions and relaxations of the worms. 
Only a portion of the normal (N), drug treated (D-I, D-11), and post-wash 
(PW) recordings have been presented in all the figures. 
The normal motility of liver amphistome, CL_ explanatum (Fig. 6.4) 
revealed that the contraction of the worm represented by spikes is followed 
by a relatively long period of relaxation. Nialamide within a period of 30 
min induced changes in the motility and the frequency of contractions increased 
soon after the worm comes in contact with the inhibitor and ultimately a 
distortion in the amplitude and frequencies was recorded. The normal amplitude 
was restored after washing, however, the contraction phase remained longer 
and no complete paralytic effect was noticed. ^fter washing, the worms 
v;ere unable to restore the normal activity. 
The effect of nialamide on CL_ crumenifer is presented in Fig. 6.5. 
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The frequency of contractions in presence of nialamide were slightly increased 
in the first 10 minutes and thereafter parasite undergoes a flaccid condition 
with intermittent spikes of contractions without any appreciable shift in the 
amplitude. The post-wash recordings reveal that the worm remains in a 
flaccid condition for a long period and does not attain normal activity even 
after the removal of inhibitor and washing as can be seen from the post-
wash recordings (Fig. 6.5, PVV). 
The effect of pargyline in G^ explanatum (Fig. 6.6) was slightly more 
pronounced with broad peaks of contractions followed by brief relaxation 
periods and ultimately clear and well defined peaks disappeared leading to 
the spastic condition which was irreversible even after 30 minutes of washing. 
However, in G. crumenifer, the frequency of regular contractions and relaxations 
(Fig. 6.7) increased indicating enhanced motility. After 15 minutes in the 
presence of pargyline a change in the motility was recorded and it was noticed 
that after few contractions the parasite undergoes a long period of relaxation. 
The flaccid condition with intermittent peaks without any alteration in the 
amplitude prevailed even in post-wash recordings and thus the activity remain 
disturbed. 
The normal motility recordings of G^ explanatum used for screening 
the effect of chlorgyline (Fig. 6.8) showed regular broad peaks with relatively 
small amplitude as compared to the results in previous study, possibly because 
of the size of the worm and reduced tension. In presence of the inhibitor, 
the frequency and amplitude were both affected gradually and the worm under-
goes tetanic or spastic condition within 15 mm. It appeared that chlorgyline 
caused spastic paralysis which was irreversible even after washing (Fig. 6.8 ?\\). 
The effect of chlorgyline on the motility of G^ crumenifer (Fig. 6.9) v;as 
same as in the liver amphistome, leading to the spastic condition which Vv'as, 
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however, not as pronounced as in CL_ explanatum. No rhythmical pattern 
of bursts and lulls of worm motility were seen in the presence of inhibitor. 
Though the parasite undergoes irreversible spastic condition but very weak 
activity was retained which indicate incomplete paralysis (Fig. 6.9 PW). 
'\nother inhibitor of MAO, deprenyl was found to be ineffective in 
G. explanatum (Fig. 6.10) as the fi'equcncies of contractions were increased 
in the beginning and the worm regained almost normal activity after washing. 
However, contrary to this the normal motility of G_^  crumenifer was disturbed 
by deprenyl which produced a gradual decrease in the amplitude of the peaks 
leading to spastic condition. The spastic effect was irreversible even aftei 
30 minutes of washing (Fig. 6.11 PW). Thus the enzyme, MAO of the two 
amphistomes responded differently to the inhibitors used in the present study-
The results of the isozyme study of GLDH, MAO and arginase have 
been presented in Fig. 6.12 and 6.13. The densitometric scanning of polyacryl-
amide gels clearly revealed that the C-GLDH of G_;_ explanatum clearly showed 
6 components whereas in Gj^ crumenifer and S^ globipunctata, there were 
only 5 bands with varying electrophoretic mobilities. The 2 cathodal bands 
of M-GLDK in each of the parasite were detected with individual variations 
in their mobility and stain intensity. 
Different response of the MAO to various inhibitors used in the present 
study indicated the possible existence of isozymes Both in G_^  explanatum 
and S^ globipunctata, 4 bands and in G^ crumenifer 3 bands of varying 
electiophoretic mobility vvere observed. For arginase, only 2 bands were 
detected in each of the parasite under study (Fig. 6.13) 
I he histochemical localisation of GLUIl and MAO in G_^  explanatum 
and G^ crumenifer clearly reveal the differential distribution of these enzymes 
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FIG. 6.12 : Zymograms of the cytosolic (C) and mitochondrial (M) 
glutamate dehydrogenase of Gigantocotyle explanatum 
(Figs. 1, 2), Gastrothylax crumenifer (Figs. 3, 4) and 
Stilesia globipunctata (Figs. 5, 6). 
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FIG. 6.13 : Zymograms of the monoamine oxidase (M) and arginase (A) 
of Gigantocotyle explanatum (Fig. 1), Gastrothylax 
crumenifer (Fig. 2) and Stilesia globipunctata (Fig. 3). 
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in amphistomes with varying degree of staining, which was either weak, moderate 
or intense, depending upon the concentration of enzyme in a particular region 
(Plate 6.2 - 6.4). 
In G. explanatum, the maximum GLDH activity was found in vitellana 
followed by oral sucker and egg-shell whereas in other regions the enzyme 
activity was moderately present except in the intestinal caecae Vvfhere formazon 
deposits were totally absent. In the acetabular region weak GLDH activity 
was recorded (Plate 6.2). However, the enzyme activity was similar in G. 
crumenifer with some differences, in which GLDH activity was also localized 
in the intestinal caecae and sub-tegumental regions (Plate 6.3). 
The differential distribution of MAO in both the parasites revealed 
moderate activity with slightly intense reaction in the sub-tegumental region 
and very weak activity was found in the parenchyma. Moderate enzyme 
activity was also found in the uterine tube and around the excretory pore. 
The gonads also showed weak to moderate activity (Plate 6.4) 
PLATE - 6.2 
Histochemical localization of glutamate dehydrogenase in 
Gigantocotyle explanatum. (Figs. I-4j. x 50. 
Os: Oral sucker, Gp: Gonopore, Tg: Tegument, Ut: Uterus, Vit: 
Vitellaria, Ts: Testis, Ic: Intestinal caecae, Es: Egg shell, Vs: 
Ventral sucker, Al: Acetabular lining. 
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PLATE - 6.3 
Histochemical localization of glutamate dehydrogenase in Gastrothylax 
crumenifer. (Figs. l-4j. x 50. 
Os: Oral sucker, Tg: Tegument, STg: Sub-tegument, Pa: Parenchyma, Es: 
Egg-shell, Ut: Uterine tube, Ov: Ovary, Ic: Intestinal caecae, Vit: 
Vitellaria, Ts: Testes, Vs: Ventral sucker, Al: Acetabular lining, 
Ph: Pouch. 
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PLATE - 6.4 
Histochemical localization of monoamine oxidase in Gigantocotyle 
explanatum (Figs. 1-2) and Gastrotbylax crumenifer (Figs. 3-h). x 50. 
Os: Oral sucker, Tg: Tegument, Ts: Testis, Ov: Ovary, Ab: Acetabulum, 
Vp: Ventral pouch, Vt: Vitellaria, Ic: Intestinal caecae. 
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DISCUSSION 
The results of various enzymes of protein metabolism in the helminths 
under study clearly revealed that no generalization is possible as far as the 
level of enzyme activity is concerned even in the taxonomically closely related 
amphistomes. 
Glutamate dehydrogenase acitivity varies greatly in different developmental 
stages of miracidia of G^ explanatum. The freshly collected eggs exhibited 
very weai< enzyme activity. The 4 days incubated eggs containing the developing 
embryo, exhibited about 2.5 times high GLDH activity and there was a 4 
fold increase in GLDH of the fully developed miracidia as compared to fresh 
eggs. The enzyme of the developing miracidia actively catalyse the reductive 
amination of <<. -ketoglutarate ( V-KGA) in the presence of ammonium ions 
and NADH. High enzyme activity suggests that the glutamate may be rapidly 
formed, which is indicative of high synthetic activity in the miracidia of 
G. explanatum. 
Any increase in the concentration of glutamate due to enhanced activity 
of GLDH would ultimately increase the other amino acids output as it has 
been observed in Crithidia oncopelti which converts glutamic acid for the 
synthesis of twelve amino acids, especially, arginine and proline (Newton, 
1957). 
The enzyme activation during the developmental changes could be triggered 
by cellular differentiation, however, "pre-programming" of such developmental 
process might be under the control of developmental genes. Further, it has 
been proposed that the metabolic switches which involve changes in both 
catalytic potential and activity of enzymes arc under both genetic and environ-
2G7 
mental control (Barrett, 1986). 
The GLDH activity in the cytosolic and mitochondrial fractions revealed 
that maximum enzyme activity was found in the cytosolic fraction in both 
the amphistomes as well as in the cestode, however, the order of enzyme 
activity was as follows: ^ globipunctata > G^ explanatum y G^ crumenifer. 
The activity of C-GLDH in G^ explanatum was 6 fold higher than M-GLDH, 
while 5 fold higher in Gj_ crumenifer and about 3 fold higher in S^ globipunctata, 
which suggests that C-GLDH of these parasites actively oxidise NADU, thus 
the enzyme may be also responsible for maintaining the NAD /NADH balance 
besides ammonia fixation. In a similar study, Mustafa et^ aL (1978) also sugges-
+ 
ted that the GLDH may contribute to maintain in intra-cellular NAD /NADH 
balance and the cytosolic GLDH of jL_ diminuta exhibited single coenzyme 
specificity for NAD"^/NADH. 
The higher enzyme activity in liver amphistome as compared to the 
rumen amphistome in the present study are in agreement with the findings 
of Krvavica et_ aL (1967) who also reported similar trends in F\^  hepatica 
and Pj_ cervi which inhabit liver and rumen, respectively. The results obtained 
by Krvavica jet^  aL (1967) were contrary to their expectations because in 
P. cervi the GLDH level was not higher than in F^ ^ hepatica, in spite of the 
fact that JP^  cervi inhabits the rumen which has a higher concentration of 
free ammonia due to the activity of intra-rumenal flora. Further Abidi and 
Nizami, (1986), reported high GLDH activity in the crude homogenates of 
G. explanatum and G^ crumenifer, showing different Km and Vmax values 
for ,/C -ketoglutarate. The enzyme responded differently to various allosteric 
modulators like amino acids, nucleotides and various metabolic inhibitors, 
but the pH optima for GLDH was found to be 8.0 in both the parasites. 
The osmotic and ionic changes in the incubation media also exert influence 
2i\8 
on the GLDH activity of amphistomes with varying degree. 
The highest C-GLDH and M-GLDH activity in the intestinal cestode 
S^ globipunctata in the present study suggests that the enzyme is actively 
involved in channelising the *< -ketoglutarate to synthesize glutamate which 
may serve as a precursor for the synthesis of a number of amino acids. 
Perhaps the process of rapid strobilization in cestodes demand greater amount 
of precursors for protein metabolism. Since in the present study only total 
enzyme activity has been investigated in the sub-cellular fractions, not much 
can be discussed from the present results unless some more kinetic parameters 
are studied to characterize the GLDH. The differences in the kinetic properties 
of C-GLDH and M-GLDH of D_^ immitis have been reported by Turner e^ al_. 
(1986). The M-GLDH has been found to be less stable and of greater importance 
in the adult D^ immitis, whereas C-GLDH proved to be more stable and it 
might be active in the larval stages in the mosquito (Turner et^ ^ . , 1986). 
A number of 2-oxoglutarate linked transaminases v;ith varying degree 
of activity in the cytosolic and mitochondrial fractions were observed in 
the three parasites under study. It was noticed that different amino acids 
serve as X!!-amino donor in these parasites. Except the alanine transaminase 
(GPT) activity in the cytosolic fraction of CL_ explanatum, the highest alanine 
and aspartate transaminase (GOT) activities in both cytosolic and mitochondrial 
fractions were found in G^ explanatum followed by Gj_ crumenifer and ^ 
globipunctata.GPT activity was about 4.5 fold high in the mitochondrial fraction 
of both the amphistomes whereas GOT was higher in the cytosol as well 
as mitochondria of ^ globipunctata. When alanine was replaced by other 
amino acids like ornithine, proline, leucine and methionine, the enzyme reaction 
was retarded, indicating that these amino acids did not efficiently participate 
in the transamination reaction like alanine or aspartic acid. However, ornithine 
transaminase showed the highest ac t iv i ty among the substituted amino acids 
in al l the three parasites, whereas leucine, proline and methionine appeared 
to be relat ively poor amino donor for 2-oxoglutarale. 
According to Garson and Williams (1957), alanine, arginine, aspartic 
acid and glycine in descending order allowed transamination of c^ -ke tog lu ta ra te 
by S. mansoni while glutamine alone served as amino donor for pyruvate. 
Another schistosome species, S^ japonicum has also been reported to ut i l ize 
a l imi ted number of amino acids, which serve as NH„ donor (Huang et^ fU ,^, 
1962). High ac t iv i ty of ornithine transaminase was reported in R^ hepatica 
and Schistosoma spp., (Goldberg et^ aL, 1980). It has been suggested by Erte l 
and Isseroff (1976) that the ornithine transaminase has high tolerance for 
(/C -ketoglutarate, which results in high level of proline format ion through 
an intermediate Y -glutamic semialdehyde. The proline production in this 
way wi l l serve as an alternate route for nitrogen excretion (Ertel and Isseroff, 
1974), and represents an addit ional way of regenerating NAD from NADH 
(Kurelec, 1975). 
The anomally in the results obtained on the transaminase act iv i ty of 
amphistomes by earlier workers might be either because of the experimental 
procedures (Goil, 1978: Siddiqui and Nizami, 1982) or possibly due to the 
physiological state of the parasites. The present results were obtained from 
a more sensitive assay procedure and some of which are in agreement wi th 
Connelly and Downey (1968), Watts (1970), Goil (1978), Tandon and Mishra 
(1984). These authors have also found higher GPT ac t iv i ty in a number of 
helminth parasites. However, in the intestinal trematode Fasciolopsis buski, 
higher GOT than GPT was recorded whereas GPT was found 6 and 11 times 
highei' than GOT in G^ crumenifer and G^ explanatum respectively (Tandon 
and Mishra, 1984). 
(: / i^  
revealed that these amino acids produced selective effect on the enzyme 
activity. Only alanine was found to be stimulatory in G_^  explanatum and 
S. globipunctata, whereas other amino acids produced inhibition of the enzyme 
activity. It appears that Y-GTP might be stimulated or active at lower 
concentrations of the amino acids studied, as the transport against the concentra-
tion gradient was either saturated or inhibited at the amino acid concentrations 
higher than 10 mM (see Chapter IV). The differential response of T-CTP 
to different amino acids used in- the present study, indicated that this enzyme 
might be involved in the amino acid transport in helminths. Though the 
group translocation mechanism of transport is common in micro-organisms 
(Barrett, 1981), but the present results indicate that such phenomenon might 
be operative in helminths as well. 
Most of the amino group of surplus amino acids are converted to urea 
whereas their carbon skeletons are either transformed into one of the inter-
mediates of TCA cycle or used for the synthesis of various metabolites (Stryer, 
1975). The main route for the urea formation is through the cleavage of 
arginine by the action of arginase. 
The cestodes S^ globipunctata inhabiting the intestine of goats, exhibited 
highest arginase activity followed by the buffalo rumen and liver trematodes, 
G. crumenifer and ^ explanatum, respectively. The higher enzyme activity 
in the cytosolic fraction was noticed in the order of : 22.96 96, 30.86 96 and 
39.5% in G^ explanatum, G. crumenifer and S^ globipunctata, respectively. 
The results of the excretory products also revealed that urea was pre-
dominantly present in the incubates of helminths under study. It is possible 
that It may come from the cleavage of aiginme as arginase activity was 
sufficiently high in these parasites. However, further studies on the other 
r i ^~ O 
enzymes of urea cycle have to be investigated in order to confirm the functional 
aspects of the urea cycle. An active arginase has been reported by Campbell 
and Lee (1963) in a v;ide variety of parasitic flat worms. According to Senft 
(1965) arginine is most readily utilized under experimental conditions, and 
he postulated that an arginase system might be operative in eggs as well 
as in adult worms. However, with the present state of i<nowledge it is unlikely 
that urea cycle is functional in helminths as Janssen and Bryant (1969) were 
unable to demonstrate ail the urea cycle enzymes in a number oi helminths. 
Nevertheless the generalization can not be made due to the peculiar metabolic 
adaptations in helminths, and therefore, further studies are required on a 
diversified group of helminths. 
The catalytic activity of monoamine oxidase is an important step in 
the degradation of biogenic amines. The liver amphistome, G^ explanatum 
exhibited highest MAO activity among the three parasites under study. Marked 
differences were not observed in the MAO activity in G^ crumenifer and 
S. globipunctata. 
The differential response of MAO to nialamide, pargyline, chlorgyline 
and deprenyl reflect variation in the enzyme molecules of the parasites or 
else the habitat may also contribute to the evolvement of a particular parasitic 
adaptation because the helminths under study occupy different habitats which 
entirely differ from one another in their ecophysiological conditions. Since 
G- explanatum occupies a nutritionally rich habitat and remains more or less 
in a constant environment, the MAO was found to be very sensitive to these 
inhibitors. Similarly, S^ globipunctata inhabits the host intestine where it 
remains in a constant metabolic pool of nutrients and therefore, MAO activity 
v/as found to be more sensitive than the rumen amphistome G^ crumenifer. 
Since, G^ crumenifer occupies a hostile habitat where the worm is continuously 
exposed to the ionic and osmotic fluctuations due to the dietary habit of 
the host and also due to the pressure of microbes in rumen, the narrow range 
of inhibitory response to various inhibitors of MAO exhibit an enormous adaptive 
tolerance by the parasite. 
The chlorgyline which selectively inhibits the mitochondrial MAO referred 
to as type - A (serotonin oxidase) was found to exert more inhibition in G. 
explanatum and S^ globipunctata as compared to Gj_ crumenifer. However, 
inhibition of MAO-B (B-phenylethylamine oxidase) was more or less similar 
in the two amphistomes in response to deprenyl which specifically inhibits 
MAO-B. Relatively the MAO-B of cestode was more sensitive to deprenyl. 
Such differential inhibitory response reflects the differences in the physical 
forms of the enzyme. It has been suggested that the inhibitors of monoamine 
oxidase potentiates the effects of noradrenaline and other amines by blocking 
their degradation in cytosol by the MAO present in the outer membrane of 
mitochondria (McGilvery and Goldstein, 1979). Using the Clarke-type oxygen 
electrode, Moreno and Barrett (1979) observed, 18, 30 and 45% inhibition 
of MAO in 2L. diminuta when incubated in the presence of iproniazid, nialamide, 
pargyline, respectively. Mishra £t_ aL (1985) also reported 65, 72, 93 and 
96% enzyme inhibition in Aj_ galli by iproniazid, nialamide, pargyline and 
trans-PcP, respectively. In these studies, since the enzyme preparations were 
preincubated with the inhibitors, more pronounced inhibitory effects were 
noticed. According to Mishra et^ aL (1978) and Moreno and Barrett (1979), 
the main function ol monoamine oxidase in the gastrointestinal helminths 
IS to protect parasites against the oxogenous amines present in the host gut. 
Though the MAO activity shovv'ed differential inhibitory response to 
various specific inhibitors, it is suggested to investigate the L„ in order 
to characterize the enzyme molecules of different helminths. In the present 
21\ 
study since the inhibitors were added just before the assay and therefore 
the degree of MAO inhibition was low as compared to the previous studies. 
In fact the present procedure would reflect the immediate response of the 
MAO as soon as the en/yme comes in contact with the inhibitors. 
The differential response of worm motility to the inhibitors provide 
an indirect evidence for the involvement of a variety of amines in the neuro-
muscular coordination of amphistomes, G^ explanatum and G^ crumenifer. 
The differences in the motility response can be correlated to the adaptation 
of the parasites not only at molecular or biochemical level but also at physiolo-
gical level. 
The effect of nialamide on the motility of amphistome ivas more oi 
less similar as it only disturbs the normal activity and the effect was reversible. 
However pargyline produced irreversible, spastic condition in CL_ explanatum 
while the effect was reversible in G_^  crumenifer. The varying motility response 
to chlorgyline and deprenyl suggests that the MAO-A catabolised biogenic 
amines were involved in the neuro-muscular coordination of both the amphistomes, 
whereas MAO-B v;as involved in the catabolism of amines only in G^ crumenifer 
because the deprenyl did not produce any appreciable changes in the motility 
of Q^ explanatum. 
It can be surmised from this study that amines are involved in the 
neuro-muscular coordination and are probably also regulating other activities 
in the amphistomes. As in most of the invertebrates, a number of ecophysiolo-
gical processes are controlled by different neuro-peptides which also regulate 
the biological clock m these organisms. Further, the worm motility can be 
regarded as a valid parameter for screening the effects of metabolic inhibitors. 
The effect of various drugs or aminergic agents on the _m vitro motility ol 
F. hepatica have been investigated by Holmes and Fairweather (1984). Though 
dry) 
serotonin is capable of excreting a powerful influence on the various aspects 
of carbohydrate metabolism in ¥^ hepatica (Mansour, 1979), but its role as 
a neurotransmitter in F. hepatica could not be resolved (Holmes, 1984). 
The differences in the activity of enzymes at sub-cellular and at inter-
specific level in the helminths under study may be due to the presence of 
isozymes. The electrophoretic study has confirmed this assumption and the 
isozyme profile of different enzymes in the sub-cellular fractions showed 
differences in their electrophoretic mobilities indicating that the enzymes 
in helminths exist in the polymorphic forms. The existence of isozymes may 
be a physiological adaptation of the parasites in response to the different 
metabolic requirements during the course of life cycle. 
Histochemical localization of GLDH & MAO revealed variation in the 
distribution of formazan deposits in the two amphistomes Gj_ explanatum and 
G. crumenifer. The GLDH activity was intensely localised in the organs actively 
associated with the protein metabolism, like vitellaria, lymph system, and 
uterine tube. The GLDH was totally absent from the intestinal caecae of 
G. explanatum while strong activity was found in G^ crumenifer. The rumen 
amphistome also showed strong enzyme activity in the tegumental and sub-
tegumental regions which may possibly be due to the fact that the parasites 
remain in direct contact with the high concentrations of ammonia in rumen, 
thus ammonium ions are freely available to the parasites for the synthesis 
of various important nitrogenous compounds. 
The iMAO activity was found to be moderately distributed in both the 
amphistomes with slightly intense reaction in the sub-tegumental regions, uterine 
tube and gonads, while weak enzyme activity was found in the parenchyma. 
In an another study, weak activity of iVIAO was also demonstrated histochen.ically 
in the nematode Aspicularis te traptera (Anya, 1973), however, the present 
study also makes it clear that an enzyme may be ubiquitously distributed 
but its activity varies in different regions of the parasites. 
It can be concluded that the enzymes of protein metabolism are widely 
distributed in helminths under study. On the basis of the different levels 
of enzymes, their differential distribution, existence of enzyme polymorphism 
and varying response to different stimulators or inhibitors reflect not only 
the individual metabolic differences of parasites but also suggest the variation 
in the nature of enzyme molecules. 
Therefore, in the light of the foregoing discussion and the results of 
other metabolic studies in the previous chapters, a tentative pathway of partial 
protein metabolism is being proposed (Fig. 6.14) which clearly highlights the 
chain of metabolic events occurring in the parasites under study. It is evident 
from the figure that amino acids are transported across the membrane with 
the help of )"-glutamyl transpeptidase, and thereafter, various anabolic and 
catabolic processes mal<e use of amino acids depending upon the metabolic 
needs of the parasite. The differential utilization of various amino acids 
and the release of excretory products highlights the importance of transaminases, 
glutamate dehydrogenase and arginase in the protein metabolism of the parasites. 
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from goats and pigs 
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ABSTRACT 
Analysis of the major biochemical components of Taenia Indatigena cysticerci collected from goats and 
pigs showed marked differences, particularly in glycogen, protein, lipid and DNA levels Differences 
were also detected in the levels of cholesterol, triglycerides, free fatty acids and phospholipids 
Furthermore, the profile of phospholipid fractions revealed quantitative differences between the two 
species It is concluded that the cysticerci of goat and pig origin probably represent two different strains 
and possibly follow the same pattern of speciation as reported in the related taeniid. Echinococcus 
granulosus 
KEY WORDS: Taenia hydatigena, cysticerci, goat, pig, biochemistry, lipids, glycogen, proteins, nucleic 
acids. 
INTRODUCTION 
The cysticerci of Taenia hydatigena are responsible for high degree of morbidity 
and mortahty in hvestock. A number of reports on the epidemiological, 
immunodiagnostic and clinical aspects of cysticercosis have been comprehensively 
reviewed by many workers (see FLISSER et al., 1982; COHEN & WARREN, 1982; 
ARME & PAPPAS, 1983). From India, VARMA & RAO (1973) and VARMA & 
AHLUWALIA (1986, 1987) reported cysticercosis from a number of domestic 
ruminants and the comparative study of cysticerci of different host origin exhibit 
variations in the morphometry of rostellar hooks, developmental pattern in 
experimental puppies and cross-infectivity. However, very little information is 
available on the basic biochemical composition of the cysticerci infecting different 
hosts. 
In the present communication a comparative study of the biochemical profile of 
the T. hydatigena cysticerci collected from goats and pigs has been carried out. 
MATERIALS AND METHODS 
Cysticerci attached to the omentum or mesenteries were collected separately 
from freshly slaughtered goats and pigs at the Central Dairy Farm, Aligarh. and 
brought to the laboratory. Immediately they were rinsed in Hank's medium at 
37±1°C, damp dried and the host capsules were carefully incised to obtain intact 
bladder worms The cyst fluid, cyst wall and invaginated scolex, along with neck 
proglottids, were collected separately for extraction and estimation of various 
biochemical components. 
Glycogen was determined by the anthrone method (ROE & DAILEY, 1966), 
total protein (LOWRY et al.. 1951), and RNA and DNA were estimated by the 
orcinol method (DISCHE, 1935) and Burton's diphenylamine method (GILES & 
MYERS, 1965) respectively. Lipids were extracted by the method of FOLCH et al. 
*To whom all correspondence should be addressed 
334 S M A ABIDI et al 
(1957) as modified by MISRA (1968) and were estimated according to ZOLLNER & 
KRISCH (1962). The major lipid fractions, cholesterol, triglycerides and free fatty 
acids were determined by the methods of SACKETT (1925), VAN HANDEL & 
ZiLVERSMiT (1957) and LOWRY & TINSLEY (1976) respectively. Total phospholipids 
were determined by estimating the phosphorus according to ROUSER et al. (1970). 
Phospholipids were further fractionated by thin layer chromatography (SKIPSKI et 
al. 1964) using chloroform:methanol:water (65:25:4, v/v) as the solvent system. 
The phospholipid fractions were identified after comparing their Rf values with 
standard phospholipids (V.P. Chest Institute, New Delhi), applied on the same 
plate and the phosphorus was analysed as described above. 
The data obtained for each biochemical component were finally subjected 
to statistical analysis using t-test (SOKAL & ROHLF, 1981) and the significance of 
the results was determined. 
RESULTS 
The cysticerci collected from the same habitat of goats and pigs showed 
statistically significant (p<0-01) quantitative differences in glycogen, protein, hpid 
and DNA fractions except RNA (p>0-05) (Table I). The maximum concentration 
of these biochemical components were recorded in the scolex/neck followed by cyst 
wall and cyst fluid of the two cysticerci (Table II). An exception was the higher 
glycogen level in the cyst wall of pig cysts. However, on comparison, all the 
fractions except RNA in the scolex/neck region of the goat cysts were significantly 
TABLE I. A comparison of the biochemical composition of T hydaligena cysticerci isolated from goats 
and pigs 
Biochemical 
components Goat cysts Pig cysts 
Glycogen 
Protein 
Lipid 
RNA* 
DNA 
122-26±0-91 
163-92±l-34 
20-90±0-64 
9 84±0-85 
4-73±0-36 
78-73±0-09 
187-20±0-41 
14-010 38 
10-99±0-86 
5-65±0 22 
All the values are expressed as mg/g wet weight±SEM of 
three replicates in each 
'Statistically insignificant (p>0 05) 
TABLE IL The biochemical composition of different compartments of T hydaligena cysticerci isolated 
from goats and pigs 
Biochemical 
components 
Glycogen 
Protein 
Lipid 
RNA* 
DNA 
Goat origin Pig origin 
Scolex/ 
neck 
Cyst 
wall 
Cyst 
fluid 
Scolex/ 
neck 
Cyst 
wall 
Cyst 
fluid 
72-63±0-57 
96-80±0-64 
17-78+0-81 
6-02±0-44 
4-25±0-23 
49-62±0 032 
66-61±0-42 
3-13±0-04 
3-82±0-07 
0-48±0-02 
0-049±001 
2-54±0-03 
0-85±0-ll 
0-29±0-02 
29-91+0-03 
109-50±0-61 
9-48+0-38 
6-39+0-41 
3-75+0-30 
48-8210-06 
77-66+0-78 
4-5210-26 
4-6110-18 
1-91+0-00 
0 067+0-01 
3-56+0-13 
0-4610-11 
0 1510 03 
Air values are expressed as mg/g wet weight of tissue, and mg/ml of fluidlSEM of three replicates in 
each 
•Statistically insignificant (p>0-05) 
—Not detected. 
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TABLE III. The lipid fractions of T hydatigena cysticerci isolated from goats and pigs 
Lipid fraction 
Cholesterol 
Triglyceride 
Phospholipid 
Free fatty acid 
Unidentified lipids 
Host 
Goat 
2M8±0-22 
30-80+0-30 
36 46+0-46 
8-81+0-11 
2-75+0-10 
origin 
Pig 
24 0710-41 
29-18±0 28 
32-52±0-36 
7-26±0 28 
6-97±0-19 
Values are expressed as percent (W/W) of total lipid/g wet weight of tissue, ±SEM of three replicates 
in each 
(p<0-05) higher than the pig cysts, and DNA was not detectable in the fluid of 
cysticerci of both the hosts. 
The lipid fractions, phospholipids, triglycerides, and free fatty acids were higher 
in the goat cysticerci whereas cholesterol was higher in the pig cysticerci (Table III). 
The phospholipid constituted about 59-97% and 53-74% of the total lipid fractions 
of the cysticerci from goats and pigs respectively. The level of these fractions were 
in the following order: phospholipid>triglyceride>cholesterol>free fatty acid. 
Further analysis of phospholipid fractions (Fig. 1) revealed that lysophosphatidyl-
choline, phosphatidylcholine and lysophosphatidylethanolamine were predominant 
in goat cysticerci whereas sphingomyelin and phosphatidylethanolamine were 
significantly (p<0'01) higher in pig cysts. However, the unknown phospholipid 
fractions constituted 11-98% and 40-77% of the total phospholipids in the cysticerci 
from goats and pigs respectively. 
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FIG 1 Phospholipid fractions of 7" h\datigena cysticerci isolated from goats and pigs 
A Lysophosphatidylcholine B Sphingomyelin. C Phosphatidylcholine. D Lysophosphatidyl-
ethanolamine E Phosphatidylethanolamine. F Unidentified fraction 
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DISCUSSION 
The morphologically distinct T hydatigena cysticerci obtained from the same 
habitat of two different hosts, namely goats and pigs, showed variations in their 
biochemical components 
The higher glycogen level in the scolex/neck region of goat cysticerci may 
indicate a substantial energy requirement for later somatic differentiation as 
BoLLA & ROBERTS (1971) also reported a higher carbohydrate concentration in the 
proliferating region of Hymenolepis diminuta, and glycogen is the predominantly 
stored polysaccharide in cestodes (VON BRAND, 1973) 
The differences in the protein and nucleic acid levels also suggest the variations 
in the nature of the cysticerci isolated from goats and pigs The variation in the 
metabolic state of the cysticerci may also influence biochemical composition of 
different compartments of cysticerci as also reported earlier by REID (1942) 
The higher lipid level in the cysticerci from goats may be a biochemical adaption 
to conserve energy for emergency requirements, whereas the enormous omental fat 
in pigs may provide necessary lipids to the attached cysticerci However, the level 
of cholesterol, triglycerides and free fatty acids follow a similar pattern to that 
found in the cysticerci of T hydatigena by KASSIS & FRAYHA (1973) The 
phospholipids of host origin in Hymenolepis diminuta (GINGER & FAIRBAIRN, 
1966) and the lack of de novo synthesis of cholesterol in larval cestodes (FRAYHA, 
1968, 1971), suggest that these fractions in the cysticerci under study may also be of 
host origin The differential distribution of the phosphohpid fractions, phospha-
tidylcholine, Ivsophosphatidylethanolamine in the goat cysts as in the present 
study, have also been recorded in higher concentrations in other helminths 
(BARRETI 1981) whereas sphingomyelin, phosphatidylcholine and phosphatidyl-
ethanolamme made up the major components of phospholipid in the pig cysts The 
pronounced variation in the unknown phospholipid fractions also suggests that the 
nature of phospholipids in the two metacestodes varies considerably 
The low concentration of biochemical contents in the cyst fluid may be due to 
the fact that it consists of metabolic products which are diluted in a transudate of 
the host body fluids (FRAYHA, 1971) 
The differences in the biochemical composition of the two cysticerci may be due 
to the influence of the host physiology or the other possible reason could be the 
existence of strain differences in T hydatigena cysticerci The results of the present 
study are similar to the situation found in Echinococcus granulosus, where different 
strains isolated from a variety of hosts reflect variations in the level of their 
biochemical composition (MCMANUS & SMYTH, 1978, MCMANUS 1981) VARMA & 
AHLUW\I IA (1986, 1987) also recorded marked differences in the development and 
growth pattern of cysticerci of different host origin Therefore, in the light of these 
studies, the T h\datigena cysticerci isolated from goats and pigs possibly represent 
two different strains and it is speculated that in cysticerci, the problem of speciation 
IS similar to that occurring in E granulosus Further studies on isoenzyme 
characterization and using DNA probes (YAP era/ 1987, RisHi & MCMANUS, 1988) 
are now required in order to ascertain the strain variation in cysticerci 
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CIJNOSTOMUM COM PLANA TUM: TEGUMENTAL SURFACE 
CHANGES DURING IN VIVO DEVELOPMENT 
S. M. A. ABIDI,* M . AHMAD,* W . A. NiZAMi't and R. E. B. HANNA| 
''M I KiMnif l'iirn';iliilii|!v. Ot'pnrtnu-iil <•( /n(iliii>v Alienrli Ntiolim I liiui-iiilv, AlieHth-207(Mll, ludm 
tl)i | i i i i i i i i i i i l i ir/<ii i l i i((y. l l ic(Ji icciM HiiKciMiyiil IkllnHi, llcir.iM h i / INN, (I K 
{Raawl 4 March I9K7. in revisalformH Afnv l')«7) 
Ahslmcl—ABirii S. M. A., AHMAD M., NI^AMI W , A. and }1ANNA R. 1-. B . I9KK. ( tinosiomiim 
lontjitimalum. icgiimcniul surface changes during in vivo duvclopmcnl huernalumul Iminml fur 
I'uniMliiliiliV m 4.n—139 Scanning electron microscopy of Ihc legumenlal surface of progcnclic 
nicl.icerc.iriac and adull CUnmlointint coinplanulum revealed considerahlc differences In topography and 
tcxuirc. I he metacercanal tegument is charactcn/ed by Ihc presence of folds, ridges and furrows, and 
sui {.lie aiimilalions I he lamellar network, which imparts a 'mosaic' appe.iranic to the lateral body surf.icc, 
sun minds sensory papillae and tegtunent.il spines Dome-shaped and cup-likc papill.ic are present During 
in \i\o development towards the ovigerous stage tegumental changes occur which disrupt most of the 
normal surface structures These changes are consistent with disruption of the surface svncylium 
.iitoinpaiiied liy erosion in cert.iin regions Numerous 'cohWc-stonc' like and domc-sh.iped prolnismns 
.ippi-ai aiounil the acetabulum, gonopore and on the ventral body surface. I he body surl.ice appears 
granular, possibly due to secretory activity of the tegument in resp<inse to host immune reactions 
INDliX KF.Y WORDS: Clinoslamtim conii>laniilum, adult digcnetic trcmatodc, progenelic melaccrciiri.i, 
surtace topography; in vivo development, tegumental changes; sensory papillae, acetabulum, gonopore, 
scanning electron microscopy. 
INTRODUCTION 
TiiF rFGtiMENT of irematodcs constitutes a primary 
componcm of the host-parasite interface which is 
fumlamcntdl in parasite nutrition (Mettrick & 
I'oclcst.1. 1974; Smyth. 1973 , Pappas. 1980). It may 
,tKi> Mivc to prDlect developing worms from the host 
iniiiiiiiiiiv liv iiictitis of glycoiiilyx turnover (II.inn.i. 
I ''Kd) li li.is been observcil that during maturation of 
the metacercariae of Leucochloridiomorpha con-
MiiniKif most of Ihc xiruciurnl charocicriiiticsi of the 
tc^MiiiK'iit .ire eli.inged (Harris, Cheng & Call, 1974). 
Ouiing; i>i viiro incubation studies Contos & l-rieil 
(1976) observed a loss of acid mucopolysaccharides 
over a period of several days. Loss of sensory papillae 
and spines was ob.served in matunng L. consianiiae 
by Font & Witlrock {19«0) and Fujino, Ishii & Choi 
(1979) 
In the present study, the topographical features of 
C iiwipliiiuuum metacercariae were studied hy 
si'.inniin; eleclion microscopy (SFM) The results 
wcie (iiiiip.iicil with those for ovigerous adults 
ileveloped in experimentally infected chickens. The 
adults of this trcmatodc are normally found in the 
oesophagus of ardeiid birds. 
1 I o whom correspondence should be addressed 
MATERIALS AND METHODS 
Fresh unencysted metacercariae of f cnniplnniilnm were 
collected from the body cavities of naturally infected 
Tnchogasier fa^cuitm as described b\ Siddiqui &. Ni/ami 
(19S2) Agroupof SIX laboratory reared. ^-da> okH echorn 
chickens, maintained on commerciallv .iv.nl.ihli. .ivi.in did. 
were each experimentally infctlcd by ural .i(lriiiiiisir,ilh.n of 
iilxml 12 iiilive n)et.ii.cii«iliie iiiiil .ulull inij'iions wmiiis 
were recovered from the buccal cavily on the -lili d.iy /losl-
infeclion A total of seven metacer(.<iri<ie .ind seven aduli 
worms were proccimcd for scanning eleclrdii mlirostopy 
The worms were washed in Hank's IIRIIMIIII ai 17 t 1 *( 
Koth the mclacercariue and ovigerous worms were lixed in 
47o cacodylate-buffercd gluiaraldehyde (pH 7.2) overnight 
at 4'C and thereafter washed several times in cold 0 1 M-
cacodylate buffer (pH 7.4) without sucrose The worms were 
post-fixed in l7o osmium tetroxide prepareil in Millonig's 
buffer (pH 7.2) for .1 h at 4*C, and were subsequcnily 
transferred to 5()7o cthanol. Following dehydr.ilion in a 
graded series of alcohols, the specimens were transferred to 
10l)7o acetone for 1 h and then criticalh dried using lK|iiid 
( () . as the transitional fluid. The worms were moiinteil on 
uluinliiliini kliibt uiitl couled Willi gnlil iimnt' u I'lil.iinii I 
501HI sputter coating uml prior to scanning vi ilh an ISI Super 
Z scanning electron microscope onerating at 1 2 ' n kV 
RESULTS 
The dorsovenlriilly flattened nielaccrc.in.ic of 
('. coinpldniiiiiin are bluntly roiiiuli-i' ,it ilu' iintcnoi 
and posterior ends (Fig. I). Ihc b uly siirKicc is 
characterized by the presence of lc(;iinicnt<il pits 
4 t l 
4.VJ S. M A A H I O I . M A H M A D . \V A N I / A M I .mil K 1- li I I A N V A 
iiml liiiKiws. the I.Kier licmn ratlially airanj5cil aroucul 
lliL- iii.il ii|ic'iiiiif.' (I 1^ . 2 iiiiil iiisLi, i ig, 5). Siiil.tcc 
diiiiulalions aic cniiinion in llic region poslcrior U> llic 
oral sucker and in Ihc mid-vcniral body region 
(I If.' 2) llowi'v<-i, llie ){oiMi|ioie l.iiks a (.UMIIV 
ticiii,liked > nil.II (I 1^  tj and llic aLCt.iliiiliiiii (i ig 1) 
has a smoolli suilacc. On the lateral and dorsal bod) 
surface, the ridges and furrows are arranged in a 
network, giving a 'mosaic' appearance (Fig. 7). The 
excrcltny pore is clearly defined and surrounded by 
concentric surface annulalions which arc partially 
interconnected (Fig. 8). 
Vanous types of sensory papillae arc present on the 
body surface. Dome-shaped papillae arc concen-
trated around the oral sucker (Figs. 2 and 6) while pit-
type papillae occur singly or in pairs and are 
irregularly distributed over the ventral body surface 
(I m ^) Sciisoiy p.tpillae arc not present urouiul the 
acetabulum or gonopore, and the pt>sierior body 
region is also devoid of sensory structures. The 
tegurneiilal spines appear as pointed or blunt struc-
tures lacking deniiiion. and are mainly distributeil on 
the IIIKI lak'ial iiiiil dnrsal siitfacet (I itis 7 iind *>) 
llie i day old ovit/i-rous woiiils exhibit sliikiii|4 
•lillifciiies liimi the inetacercaiiae in their legu-
menial appearance. '1 he body surface of each appears 
thickened, rt>ugh and rugose at places, and the 
tegumenl is partially sloughed from the lateral dorsal 
and posterior body surface exposing the underlying 
network of tibrous interstitial tissue with pits corres-
ponding to the openings of trabeculae from the 
pcrikarya (Figs. 10,12 and 14). The tegumental folds, 
ridges, furrows and spines are no longer evident, but 
surlace annulatioiis arc prominent on the ventral body 
surface. Ihc oral region appears as a smooth disc 
devoid of papillae (Fig. II). A further remarkable 
change is the complete disappearance of pit-type 
papillae troin the ventral body surface. A large 
luimber ol 'cobblc-slonc like' protrusions are present 
around the acclaluiluin (t ig 1.')) and numerous osal 
or circul.ir dome-shaped elevations occur on the 
ventral suilate Some of the Litter appe.ir ruptured 
(I Ig 12) I he uoiiopore appears as a narrow o|K'mng 
suiroiiiided b) dome-sh.iped protrusions (|-ig. 15). 
'I he tegument and surface protrusions are covered 
with globules which impart a granular appearance 
(Figs. 16 and 17). 
DISCUSSION 
The diversification and modification in ihc tegu-
mental structures of digenctic trcmatudcs can be 
consiileieil as paiasitic ailapt.ilums in IIHIIMIIU.II 
niiLio li.iliiiais. 
'Ihc non-encysted metacercariae of ( lomphina-
iiim IS an active feeding stage, theiefme llu- donu 
sliajied seiisoiy papillae aioiiiid the niiil SIK I 11 in,is 
seive .IS l.iiigoieceptois in the loi.tlKni <>l loml 
material. The pit-type papillae on the ventral bods 
surface may have chcmorcccptive functions as also 
suggested by Smyth & Hallon (1983). Similar strut-
turcs have been reported in the newly excysied 
juveniles of I'aragonimus wcsicrmaiti by lligo II <S: 
Ishii Y. (1983 Abstract in Japanese Journal of 
Parasitology 32- 57). 
The tegumental infoldings, ridges and furrows and 
lamellar network impart considerable stretching 
capability to the metacercaria. These structures also 
increase the surface area for absorption of inuio 
molecular nutrients us repoited in oilici lu-m.limits 
(darkening & Johnson, 1969, Nollen, Kesi.niio i^  
Alberico. 1973; Nadakavukaren & Nollen. I97S) 
Marked changes were observed m the tcgumcnial 
micrtitopography of C. lomplaiuiuim dm nig iis 
liansliiimaiion Ooin the nu'liiceiciiiiiii' siii)'i in iln 
adiill ovigeroim toim Ihc adult woiiiis v<.i K Innnil 
tenaciously attached to the host's bucc.il epillicliunibs 
the acetabulum, bearing numerous 'cobble-sioiiclike 
pr»)lnisn>ns, possibly tangoreceptors. '1 he disc like 
anterior end which bears the oral apeituioai i i sni i iu 
may also help m maintaining the attachment during 
the feeding process. Apart from surface annulalions 
which probably result from contraction of the undcr-
l)ing mu.sculature, the deep tegumental infoldmgs arc 
no longer present in the adult. Such changes diiiiiig 
pt)st-meiacercarial development have also iiicn 
observed in lasciola hepuluu by Bennett (i''7^), 
Koie, Nansen & Christensen (1977); (lononhis 
Mnensis by Fujino el al. (1979); / (on\i<oiii(i< In 
Hams A; Cheng (1973), Font A; Wiiiiotk (1'>H()) 
l:ihino\ii>i)ui rc\oliiium bv I ned iV^  1 u)ini> (l'>S I) 
/'. \KesU'inMiu by 1 ligo Ai Ishii (I9H1) .iiul ( ispin 
conk lingua by Koie (1977) HogUsli <.V C ailci 
(1979) also reported ultrasiiticliiial ami lopogMpIn 
cat changes in the tegument ol seliisiosiiinnk's ol 
SiliiMosoinii nuiinoni duiing in \i\o and /// MIIO 
development. 
hi the present study, the suiface changes dining 
maturation appear consi-slent with gradual degcneia-
lion of the tegument, perhaps due to hostile host 
inununc response. The apparent loss of circumorally 
distributed papillae and tegumental spines in the advili 
is in agreement with the findings of Font & Wiitrock 
Fic. 1. Scanning elcclton micrograph of progcnetic metacercaria of Cliiioslomum complaimium showing ihc vc-nlr.il 
surface. Note the oral sucker (Os), acetabulum (Ab), gunopore (GP) and excretory pore (EP). Bar — 100 /^  ni 
Fio. 2. C". complaimium: meracercanal anterior region with sensory papillae (DP) disiributed around Ihc oral sue kcr (Os). 
surface .iimutalions (arrow). Har — 100 ft m. Inset: tcgumcnial ft>lds al the oral opening H.ir — 10 /< in 
l-ic, ."? ( lompluiuilum: pil-lype papillae (arrow) ohen paired (insci) are distrihulcd on Ihc ventral surface ni.iiiih .luniiul 
gonoporc (GP) of metacercaria. liar — 10/<in. Inset bur — 1 /tm. 
1 u.. 4. ( (ompiaimliim: metaccrcarial acclutiulum (Ab) devoid of any sensory structures. l)ar — 100 /< iii 
Siirl.iic ch.mjics cil ( (<iiiii>liiii0iin 
n^  
I los 1-4 
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i ri, S ( iomplanatuin lighl Kgumentalfolds (I ijaround IIIL i)r>ilrcgi"ni)f nn.ljci.ii..iii.i liar •= ID^nii 
In. 6 ( (o/iip/iKimiim iloiiK—.liaptil p.ipill.K (ni')oiulic iin.l.in.r(.ana Uai-^ ID^nii 
C Kiiiiiihiiu'iiint iiLlwork ()( laiiKllac on laUral ai\J diitsal li.i;umoiu suirouiKlmg sciisoi^ ii,i|iill n. iinl KpuKs m 
ktriaria H.ir = ID/mi Inscl "••itiical hi>;licr m,ipiii(n..m()n Uar — I //in 
( I iinililil/ltitutfl p u s l i 11(11 K ^ h i l l III l l u l a i I I t a l i a N t i U i \ i u t i i i > p n u (I )*) \ M l l l \^( II i l l l l l u d i t )ll H I IK l l l l i i t 
iliiajHiii^ loklsaic visible lliiDiigh llic iipciiiiigaiid llic ridgLS (K)aiid (urii)tts{l )ari. M.ry pioniiiii.iil H.ii = 11) /i in 
Sml,n.e(.li.ingos()f ( n)»ii>l(iniiitiin \M 
I'lc 10 Scannin; clLXlri i: microgr.iph of .itlull oMjicroiis C liiioslonnint (Oinjtldndttiin rccinciccl (lorn iiiln.ii.il tlin.ki.ii 
Nol f llif lliKkcrieil .i|)|) • ir.iiiti; of llic lct;iiiin;ril mi \ciili.il siirt.icL' .iiiil pits im piislfiior ddis.il •.IIII.KI ( . i imu) 
U . i r - l l ) l l / /m 
I K I . 1 I. ( . iiiiiii>l(iii<iliim. ilisc-likc' oi.il Mitkci NMlli iciili .il ()i;il opciimj: (On) l(.|:iimciil.il iliim.iyc idii .iKo \w s u n 
(.iii i i«) ll.ir - l ( l /n i i . 
I K . . 12 < . loiiijiliiihiluin. Ilic lugosc vciilr.il boil) MIII,II.C .ippc.iis llmki'iicil \Mlli iiipliiicil si-iisoi) Imilus .iiiil 
iJcgciii:r.ilmglcgumcm(.iiii>w) U,ii — 1 0 0 / m i . 
l i e \7i. C. (onipliiiuiiiiiv 'cobblc-slonc' like protrusions (CP) around ihc acclabulum (Ab) of an ovigcious worm 
B a r - IO/<m. 
I K , . I •4. ( <i;//;/)/(;/(«//(/;i:sub-lcgunionlal inlcrslilial nclwork showing pi Is (arrow) on ihc lateral ami ilors.ilsurl.icc ol ailiill 
worm Uar "• 10 /<ni 
I K. \^. ( . lOiii/iliiiKiliiiii llic goiioporo (Cil') suiioiiiulcil b) doiiic-sliapcd (Ul*) proliusions. Noli; llii; ligiiiiiiiil.il sin l.m-
damage (arrows) Bar = 1 0 / ( m 
I K.. 9 ( c()iiii>liiiiaiiim spines (SP) and sensory papillae (P) are pieseiit on the lateral and dorsal suil.ii.es ol ilie 
nielatereana. Bar — 1 / / m . 
4^S S M A AHIDI M AiiMAr) W A N I / A M I .iiul R I U H A N S A 
III [U ( tiiiiii'liiiKiiiiiii |)(islcriiii i i u l o l IIK 4ulull uoiiii\lit>»iiigli-t:iinii.iil.iUl.iiiMgc(iiiiii^) II11 — 1(1(1/nii 
III. 17 ( iiiiiij'hiiuiiiiiii IIDIIIO sliajKil |)ii)iniMiiiis tovtii-iJ \ii(li vLc.ii.(()i\ i;li)l)iili.s I he il.im.nii. sWt itc c in i K o l n s n i i 
( i i i im) It.ir = 10 // 111 
(1 yKO) loi / (oiisuiiuiae an(J I ujino el al (1979) for 
( \iiieit\is Swelling and erosion of the sui face IjytT'. 
with cxposuie ol untlerlymg connective tissue and 
disruption o! spines and sensory papillae is >Aell 
knoNvn in drug Healed or immune damaged worms 
(Shaw A,, hrasmus, 1983, Becker, Mchlhorn, 
Andrews,'liiomas i i Lckcrt. 1980, Eckblad, Wood-
ward 6c. Lang, 1981) The granules which appear all 
over the surface of the adult worm may represent 
secretory activitv in response to host immune reac-
tions, similar to those which have been recorded for 
/ , liciMiua liy 11.inn i (1980) 
/\< kiiin\/i il^i nil Ills I III .iiilliois ,Iff gl,il(.llil l<i till, l u l l 
MIC il si.ill IX|) iiliiKiil of / ( lol i igy. I lie Outci i s L nixtrsilv 
ol Ikll.isl lor CKILIUIIM^ .ill llic necessary f.icililies .irul for 
.isMsl iiKi III SI 11111111)/ i l i i l i o i i lliii tiis<o|>y I Ilium I il 
.l^•)lM.llll.l vt IS III iiJL .iv.iil.iliji. by I lie lliilisli CiiuiKil. V K 
.mil b il C IiiiJu 
K^HK^^t^s 
lillKIH II . Mllllll l lR^ l'„ A N U K P W S I '„ I IKIMAS II iVi. 
j i k i K i I h'SII I i)tlii iinil ek'i l ion mil iDM, 11)111. stiiilus 
on llie e l l i i l ol |ii,i/ii|u.iiilel on Sihi\lt>soiiM iium\i>iii, 
Durouii'lnim ileiuiniutiin, and lasiiola heptiiua 
(I renialoda) in \iiro ZcilSilinfl fur I'ariniieiikiinde 6 3 
i n - i 2 K 
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DEVELOPMENTAL CHANGES AND HISTOPATHOLOGY OF CLINOSTOMUM 
COMPLANATUM (TREMATODA) INFECTION IN AN EXPERIMENTAL HOST 
S. M. A. ABIDI AND WAJIH A. NIZAMI* 
Section of Parasitology, Department of ^oology, A.M.U.. Aligarh'20200] 
( A c c e p t e d S e p t . 20 , 1987) 
SUMMARY 
Following experimental infection to leghorn chicken, the transformation oi Clinostomum complanatum 
metacercaria to adult ovigProus stage is accompanied by enlargement of gonads, development of vitellaria, 
production of operculate eggs, replacement of tegumental spine by a non-spiny PAS and alcian blue positive 
layer and development of caecal villi in the adult. HistopaihologicaJ study reveals the haemophagus nature 
of worms and heavy infiltration of polymorphonuclear leucocytes at the infected region. 
INTRODUCTION 
Clinostomum complanatum, a common digenetic trematode found in the oesophagus 
ofardeiid birds is widely distributed in Indian sub-continent and elsewhere. Their non-
encysted, progenetic metacercariae are found in the body cavity of forage fish Trichogaster 
fasciatus. The infection rate in fishes is as high as 98-100% (Siddiqui and Nizami, 1982). 
The metacercaria degrade the quality of forage fish and also are responsible for parasite 
zoonosis in India (Cameron, 1945). 
The development and maturation of metacercaria into the adult stage of C. comp-
lanatum in experimental chick is reported in this communication. 
METHODS 
The metacercaria of C complanatum were collected as described by Siddiqui and 
Nizami (1982) and aseptically transferred into the buccal cavity of each of the 56 
chicks which were maintained on commercially available complete avian diet. All the 
chicks were grouped into 8 batches, each comprising of seven chicks and each batch was 
necropsied daily untill 8th day of post-infection. The fresh metacercariae and develop-
mental stages of worms were fixed in 70% EtoH and 10% neutral buffered formalin, 
stained in Gower's carmine, dehydrated in the ascending grades of alcohol, cleared in 
Xylene and mounted in DPX. The developmental and histopathological changes were 
studied in paraffin sections (5 /im) of the worms and infected oral tissues processed as 
described earlier. Sections were also stained with Ehrlich's haematoxyline and counter-
stained with eosin. 
The Pickworth's benzidine test for haemoglobin (Pearse, 1975) was carried out and 
a blood smear was simultaneously run as a control. For the localization of acid-muco-
polysaccharides PAS-alcian blue test (Pearse, 1975) was also carried out. 
RESULTS 
The progenetic metacercariae of C. complanatum are characterized by the presence of 
quiscent gonads, scanty vitelline follicles, narrow streak like uterine tube extending 
posterior to the acetabulum (Fig. 1), presence of irregularly distributed tegumental 
*To whom all correspondence should be addressed. 
236 ABIDI AND NIZAMI 
' ,_3?J'''"~^8PP^' -sfc'"7' •^ae' 
DEVELOPMENTAL CHANGES IN CLIMOSTOMUM COMPLAMATUM 23? 
spines (Fig. 4) and the intestinal caecae (Fig. 6) Ip.cking the villi like projections. No 
positive reaction for haemoglobin was observed in the metacercarial stage. 
Following infection, the percent worm recovery from the necropsied chicken and 
developmeBtal changes are summarized in Table-1. The ovigerous state is attained on 
the 4th day of post-infection (Fig. 2); however, the infection lasts only for 7 days and 
after that only white scars at the site of attachment could be seen. Actively feeding <m 
the host blood, the adult worms are tenaciously attached to the host's buccal epithelium 
and the intestinal caecae develop villi-like projections into the lumen all across their 
length (Fig. 7). The Benzidine test confirm the presence of host haemoglobin in caecal 
TABLE I. Development o( Clinostomum complanatum metacercariae to adult stage in chicks 
Batch No. No. of days No. of worms % Kemarks 
(Post-infectioo'l recovered Recovery 
I 1 84 100-0 No remarkable change. 
Worms firmly attached to the host tissue. 
H 2 81 96.4 Gonads show enlargement 
Vitellaria increase in number. 
Intestinal caecae develop villi and con-
tain host blood. 
nr 
IV 
V 
VI 
V I I 
V l l l 
3 
4 
5 
6 
7 
8 
80 
21 
19 
19 
17 
0 
95.2 
24.0 
22.6 
22.6 
20-2 
0 
• Pre-ovigerous worms. 
Ovigerous W( nns. 
Tegumental spines replaced by smooth 
coat. 
Distended uterus full of eggs 
Egg-shedding starts. 
Worms disappear and scars present at 
the site of attachment. 
Eahc batch comprises of sever, chicks and each chick received 12 metacercariae. 
Fig. !• Progenetic metacercaria of C complanatum, uterus (Ut) devoid of ^ ^ X 16 
F%. 2. Expo-imentally developed adult ovigerous worm with uterus full of eggs (Eg), x 16». 
Fig. 3. \&Ule part of the adult worm showing well developed vitellaria (Vit.), Intestinal caeca (IC) show-
ing positive test for haemoglobin, and eggs (Eg), x aO 
Fig. 4. Teg^ umental surface of metacercaria with spines (Sp). x 1000. 
Fig. 6. The tegumental surface 'Tg.) of ovigerous worm devoid of spines. Note acid mucopolysaccharide 
layer (Al). x IJOO. 
Fig. 6. Metacercarial intestinal caeca (IC) devoid of villi. Caecal contents (CC) and parenchyma (Pa) 
are also visible, x 1000, 
Fig. 7. Caecal epididial layer of the ovigerous worm showing development of villi (Vi) like structures 
projecting within the lumen of caeca. xIOOO. 
Fig. 8. Section of the adult worm with disrupted host mucosal layer (HI) near Acetabulum (Ac) and Oral 
sucker (Os). x50* 
Fig. 9. Polymorpho-nuclear Leucocyte infiltration at th? site of infection, x 1000 
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contents (Fig. 3). The other important developmental change in the worm during the 
transformation of metacercariae to the adult was noticed in the tegument that the meta-
cercarial spines are replaced by an aspinous, homogenous, syncitial layer which is PAS 
and alcian blue positive indicating the presence of acid mucopolysaccharides (Fig. 5). 
Besides being haemophagous, the developing worms leave a scar at the site of attach-
ment causing tissue damage and petechial haemorrhages. The histological sections of the 
infected tissue exhibit a heavy infiltration of polymorphonuclear leucocytes and fibroblast 
cells indicating possible involvement of the cell mediated immune response (Fig. 8 and 9). 
DISCUSSION 
The tenacious attachment of the worms to the host mucosal layer has been found 
to be an important factor for successful establishment and their maturation. Singh (1959) 
also developed another Glinostomum sp. in various species of herons. However, contrary 
to the present results Rai (1968) and Baugh and Pandey (1969) failed to develop adults 
in large number of avian hosts. 
The achievement of ovigerous state in chicks accompany a series of changes that 
may be both under genetic and environmental control of the host. The parasitic habitats 
provide an interesting combination of physico-chemical and biotic factors that trigger 
metabolic switches which may regulate the development of parasite from one stage to 
another. 
It is concluded that the present host-parasite model provides an interesting oppor-
tunity to carry out further research on the biochemical switching mechanism, topogra-
phical and ultrastructural changes during the transformation of metacercariae into an 
adult. 
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